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The term functional capacity is used to indicate the total amount i 
of power possessed by the heart muscle. When the body is at rest a } 
small portion of this power is utilized to furnish the circulatory ) . 


requirements of the metabolism. As soon as any muscular activity 
occurs the so-called reserve power of the heart is drawn on to furnish 
blood to the working muscles. 

Of these two component parts of the power inherent in the heart 
muscle the reserve power forms normally by far the larger portion, 
and it is with this factor that our studies are concerned. We propose 
to gain an idea of the heart’s functional capacity by a measurement | 
of its reserve power. qi 

The method used to determine this is based on the circulatory 
reactions to graduated work, and a rather detailed description of these 
reactions is necessary to a clear understanding of our test, and, what is 
more important, to a belief in its validity. . 

Work was furnished by means of a Krogh-Lindhard ergometer in 
a few experiments, but in the greater number by movements with 
dumb-bells. The blood pressures were taken by the auscultatory 
method with a Riva Rocci manometer. A rubber hand bulb was used 
to inflate the cuff. The systolic pressure and pulse were taken and 
then work was performed. The pressure was read again between 
twenty and thirty seconds after completion of work. This was the 
time required with our technic to make the first reading, and 90 per 
cent. of the readings on the first trial fell between 20 and 30 seconds. 
If the first reading was made before twenty seconds or after thirty 
seconds had elapsed the experiment was discarded. A second reading 
was made between 50 and 60 seconds after work, the aim being to 
make it as close to 60 as possible, and the third reading 90 seconds 
after. Then readings were made every 60 seconds. (In our earlier 
experiments we made readings every 60 seconds after the first reading ; 
later we made readings every 30 seconds after.) 


* Submitted for publication June 12, 1917. 

*From the Second Medical Division of the New York Hospital. 

* Read before the Section on Practice of Medicine at the Sixty-Eighth Annual 
Session of the American Medical Association, New York, June, 1917. 
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In a person with normal heart, shortly after work the systolic 
blood pressure and pulse rate are increased. If they are then taken 
according to the above plan they will be found to return rapidly to the 
figures noted before work. If successively increasing amounts of work 
are performed the same reactions will be observed. The. greater the 
work, the higher are the subsequent systolic pressure and pulse rate. 
Finally, an amount of work is reached which is followed by a different 
type of blood pressure curve. It does not reach its greatest height 
within thirty seconds after the completion of work, but at a later period 
(fifty to ninety seconds) when the pulse rate has dropped back toward 


normal. 
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Chart 1.—Circulatory reactions in a normal man to increasing amounts of 
work performed by means of dumb-bells. The white perpendicular spaces 
represent the work periods in each experiment during which blood pressure and 
pulse rate could not be measured. 


Chart 1 represents the course of the blood pressure curve in a 
normal individual after increasing amounts of work, which were fur- 
nished by dumb-bell exercises. 

This delayed rise in systolic pressure (for so we shall term it) is a 
most interesting and extraordinary phenomenon. It has been the sub- 
ject of many hundred experiments on both normal persons and patients 
with cardiac insufficiency, and we shall summarize the facts we have 
discovered about this peculiar reaction. 

1. It is always obtained in normal people whenever the work 
exceeds a certain amount (the work may be of any kind). 
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2. Children are able to do much larger amounts of work, in com- 
parison to their weights than are adults before a delayed rise ensues.’ 

3. It makes no difference what group of muscles is employed to do 
the work. If, for example, a delayed systolic rise follows 5,000 foot- 
pounds of work, performed in sixty seconds with the arm and back 
muscles, it will invariably follow 5,000 foot-pounds of work done in 
sixty seconds with the thigh and leg muscles. It is the amount of work 
and the time in which it is performed, or, technically, the power 
expended, which determine the delayed rise, not the group of muscles 
used. 

4. The amount of work which is followed by a delayed rise varies 
but slightly from day to day in the same individual. 

5. Patients with varying grades of cardiac insufficiency are able to 
perform much smaller quantities of work than normal individuals 
before a delayed rise ensues. These quantities are measured in hun- 
dreds, as compared with thousands in normal individuals. Occasion- 
ally in these cardiac patients the pressure after work is lower than 
before. It then rises to or even above the original figures. 

6. Patients with marked cardiac insufficiency, edema, dyspnea when 
resting, etc., are able to do no work at all which is not followed by a 
delayed rise or fall. 

7. As the general health of normal persons improves, or as the 
condition of cardiacs improves, we find that the amount of work which 
can be performed before a delayed rise ensues becomes greater and 
greater. 

8. In a few experiments on patients with cardiac insufficiency we 
have found that digitalis causes a marked but temporary increase in 
the amount of work the patient can do before a delayed rise ensues. 

9. In the treatment of normal people, and of cardiacs by graduated 
exercises, the prescribing of quantities of work which are not followed 
by delayed rises has caused a marked improvement in the majority of 
suitable cases. 

Of all these facts the most significant is, perhaps, the one which 
shows that the delayed rise occurs quite independently of the group of 
muscles used in the work. 

Charts 2 and 3 illustrate this most important point. 

Graupner described the delayed rise many years ago, but he did not 
discover its most significant feature, which has just been described. 

The present incomplete state of our knowledge of circulatory physi- 
ology does not permit of a complete explanation of the phenomenon. 


1. The data on which this statement is based were furnished through the 
courtesy of Drs. W. P. St. Lawrence and H. L. Bibby. 
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i Chart 2.—Circulatory reactions in patient C. G. suffering from cardiac insuf- 
ficiency to increasing amounts of work performed with the legs on the bicycle 
ergometer. 
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Chart 3—A continuation of the experiments shown in Chart 2 on the same patient a 
few minutes later, the work being performed on the bicycle ergometer with the arms instead 
of the legs. The white perpendicular spaces represent the work periods in each experiment 
3 during which blood pressure and pulse rate could not be measured. 
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If its significance is to become apparent it can only do so at present 
through clinical experiments. 

We believe that the facts here enumerated, many of which have 
been confirmed by other observers, demonstrate, as far as it is possible 
to demonstrate clinically, that the delayed rise in systolic pressure indi- 
cates that the preceding work has exceeded the limit of the heart’s 
reserve power. 

We conclude, therefore, that if the systolic blood pressure does not 
reach its greatest height during the first thirty seconds after the com- 
pletion of work, but at the second or third reading (that is, fifty to 
ninety seconds after work), or if this first reading is lower than the 
original level, that work, whatever its amount, has overtaxed the heart's 
reserve power and may be taken as an approximate measure of the 
heart’s reserve power. 

In the following studies we have considered work which was not 
followed by a delayed systolic rise as being within the heart’s reserve 
power, and work which was followed by a delayed rise as exceeding 
the heart’s reserve power. 


We have used various movements with iron dumb-bells, which 
were first described by Dr. Jacob Teschner of New York, to furnish 
work, on account of their convenience and the ease of making com- 
parative estimations of the amount of work performed. 


STUDIES OF THE HEART'S RESERVE POWER IN 
NORMAL INDIVIDUALS 


Chart 4 summarizes our results by decades in forty-five normal 
persons. 

Effect of Digitalis on the Cardiac Reserve Power in Normal People 
and in Patients with Cardiac Insufficiency.—Three people were selected 
with normal hearts but low reserve powers: One, aged 52 years, had 
pulmonary tuberculosis and had a reserve power averaging from day 
to day between 500 and 600 foot-pounds performed in thirty seconds. 
One, aged 43 years, had a chronic pyloric ulcer with partial gastric 
retention and averaged between 250 and 300 foot-pounds in fifteen 
seconds. The third, aged 51 years, had a cancer of the esophagus and 
averaged between 150 and 200 foot-pounds in fifteen seconds. Their 
hearts were normal on physical examination and showed normal elec- 
trocardiograms. They all received large doses of digitalis, enough to 
produce mild toxic symptoms, but showed no increase whatever in 
their cardiac reserve powers. 

A fourth patient, aged 23 years, suffering from rheumatic endo- 
carditis and slight cardiac insufficiency, which was evinced by some 
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dyspnea on climbing stairs, showed a marked, but temporary, increase 
in his heart’s reserve power following digitalis. 

Chart 5 represents this experiment. 

Effect of Graduated Exercises on Normal Hearts and on Cardiac 
Insufficiency.—Chart 6 illustrates the effect of daily graduated exer- 
cises with dumb-bells on a patient with low reserve power, due prob- 
ably to a combination of hard intellectual work, no exercise, insomnia, 
several attacks of bronchitis, and much tobacco and considerable 
alcohol. Physical examination of the heart and the electrocardiogram 


were normal. 


-40 40-50 70 — 


Chart 4.—Average cardiac reserve power by decades of forty-five normal adults. 
Each space between two heavy perpendicular lines represents sixty seconds. The 
black squares represent the heart’s capacity. For example, between the ages 
of 20 and 30 years the average heart was able to supply sufficient blood to the 
muscles to enable them to do 5,600 foot-pounds in sixty seconds. The per- 
formance of 6,000 foot-pounds was followed by a delayed rise. It will be 
noted that the highest figures were obtained between the ages of 20 and 30 
years. After that the heart’s reserve power steadily decreases. 


Chart 7 represents the effect of daily graduated exercise on a 
patient, J. C., suffering from cardiac insufficiency. He was 54 years 
old and had had his first attack of cardiac insufficiency in 1913, having 
at that time swelling of the feet and legs and dyspnea. Sept. 8, 1915, 
he was admitted to the House of Relief with the same symptoms. He 
was a thin man with gray hair, dyspnea and with markedly swollen 
legs and scrotum. The heart was enlarged and showed an aortic and 
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mitral regurgitation. There were signs of small quantities of fluid in 
both pleural cavities. The liver was enlarged and the blood showed a 
four plus Wassermann reaction. He received altogether 16 dr. of 
tincture of digitalis and twenty intramuscular injections of mercury 
salicylate. September 22, the cardiac capacity was tested and the 
patient was given a course of graduated exercise. A few days after 
the exercise began the digitalis was stopped. 

September 22, when he was able to walk slowly around the ward 
for a short distance, his cardiac capacity was very low. December 27, 
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Chart 6.—Course of the heart’s reserve power in normal individual A. O. In 


this chart each space between two consecutive perpendicular lines represents 
fifteen seconds. The black squares represent the heart’s capacity. 


when his capacity had increased to between 900 and 1,100 foot-pounds 
performed in sixty seconds, he was much stronger and able to do light 
work. 

It can be gathered from the studies described here that the cardiac 
reserve power may be very low in a man with perfectly normal heart 
as well as in a man with diseased heart. Mackenzie has made the same 
observations in his last work on the heart, although his conclusions 
were reached without the aid of any test of the heart’s reserve power. 
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The simplicity of the test of the heart’s reserve power on which 
the foregoing studies are based, puts it within the reach of every prac- 
titioner. A few experiments will enable any one to confirm the most 
important of the circulatory reactions we have described. It makes no 
difference what kind of work is used, stair-climbing, walking, dipping 
exercises, or dumb-bell work, for any one of these permits of a com- 
parative measure of the cardiac reserve power. It is hardly necessary 
to point out the value of the information derived through this test, but 
we will mention one subject which has been much illuminated thereby, 
namely, the kind and amount of exercise which a cardiac patient may 
take. Also the bearing it has on the suitability of any particular occu- 
pation is obvious. We have advised many cardiacs during the past two 
years on these two matters and the results have proved to be almost 
without exception so excellent that we feel this experience affords 
additional evidence of no slight value in support of the validity of our 


test. 


I wish to express my indebtedness to Dr. William R. Williams, whose 
cooperation has made much of the preceding work possible, and to Dr. H. E. B. 
Pardee for his help in the experiments with digitalis, and for doing the electro- 
cardiographic work. 
ADDENDUM 


I take this opportunity to reply to an article by D. L. Rapport,’ entitled 
“The Systolic Blood Pressure Following Exercise, with Remarks on Cardiac 
Capacity.” 

Dr. Rapport conducted experiments on normal people to determine the 
hlood pressure reactions following graduated work. His blood pressure read- 
ings were made sooner and more frequently after work than ours were and 
he was able to show that the systolic rise never reaches its greatest height 
immediately after work, but at varying subsequent times, depending on the 
amount of work, thereby differing from our conclusions. 

Dr. Rapport was unfamiliar with the technic we have used since early 
in 1916, which is described above. Our first readings were made between 
20 and 30 seconds after the completion of work, the second reading 50 to 
60 seconds after work, and the third reading 90 seconds after work. By 
our method we secured curves of the systolic pressure which were so nearly 
isochronous that their comparison inust have been valid in the great majority 
of instances. Whenever we detected a delayed rise (and no difference less 
than 4 mm. of mercury was considered as such) the experiment was not 
considered valid unless we could obtain the same or a more marked delay in 
the rise by a repetition with increased work. It seems apparent that when 
we did get this reaction it must have been a marked example of the phenomenon 
because our first reading was not made earlier than twenty seconds after 
work. Otherwise, we would have noted this reaction constantly. Also, if 
our technic had not been unvarying we could not have obtained the constant 
results we have described. 


34 West Eighty-Fourth Street. 


2. Rapport, D. L.: Tae Arcuives Int. Mep., 1917, 19, 981. 
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I reproduce one of Dr. Rapport’s charts (Chart 8) depicting four reactions 
which he considers “in most respects characteristic.” 
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Chart 8—Weight of subject 140 pounds; lift, two 10-pound dumb-bells 


through 6 feet; time, one lift in two seconds. 


With thirty lifts, slight breath- 


lessness; with forty lifts, moderate breathlessness; with sixty lifts, consider- 


able breathlesseness and slight distress. 


As in all curves, the zero mark rep- 


resents the cessation of exercise, the readings charted to the left of this line 
being controls taken before exercise. 


Compare with this our interpretation of his chart which notes the readings 
which would have been made by our method (Table). 


INTERPRETATION OF Dr. Rapport’s CHART BY Our MeETHop 
or Notinc Bioop Pressure 


Work = 20 Lifts 


(Before work) 
Systolic Blood 


Time Pressure, 115 
130 
3D seconds.......... 134 
50 seconds.......... 130 
60 seconds.......... 130 
124 


Work = 30 Lifts 


(Before work) 
Systolic Blood 


Time Pressure, 118 
135 
3D seconds.......... 136 
50 seconds.......... rf, 
60 seconds.......... 132 
90 seconds.......... 127 


Work = 40 Lifts 


(Before work) 
Systolic Blood 


Time Pressure, 115 
137 
SO seconds.......... 136 
60 seconds.......... 135 
90 seconds.......... 133 


Work = 60 Lifts 


(Before work) 
Systolic Blood 


Time Pressure, 120 
20 seconds.......... 155 
30 seconds.......... 156 
50 seconds.......... iat Delayed 
ee 160 rise 
90 seconds.......... 50 


What we term “delayed rise” is apparently identical with what Dr. Rapport 


terms a “delay in the full development of the rise.” 


Our contention is that 


this most marked form of reaction, whatever we term it, indicates an over- 
taxing of the heart’s reserve power, and the clinical experiments we have 
described above are offered as substantiation of this thesis. 


{ 
| 
| 
| 
| 
| 


ANGIONEUROTIC 


FIVE GENERATIONS OF 
EDEMA* 


JOSEPH R. CROWDER, M.D. 
SULLIVAN, IND. 
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What we now call angioneurotic edema was first adequately 
described by Quincke,' in 1882, as “acute circumscribed edema of the 
skin.” He looked on it as a vascular neurosis and attempted to sepa- 
rate it clinically from all other forms of local edema as a distinct dis- 
ease. But while to Quincke belongs all the credit of having first 
presented the subject with the detail and interpretation necessary to 
its general recognition, he was not the first to observe the condition 
so carefully as to recognize its individual character. This had been 
done ten years earlier by Milton,? who recorded his observations in 
1876 under the title, “On Giant Urticaria,” pointing out clearly that 
the cases were of a new kind to him and were distinctly different from 
the severest forms of urticaria as previously described and commonly 
understood. Had he dignified with a new name the new condition he 
observed so carefully, the recognized literature of angioneurotic edema 
would no doubt have begun with him. 

The nomenclature of angioneurotic edema has been a various one. 
It has been described under no less than twenty more or less appro- 
priate descriptive titles, such as “giant urticaria,” “massive urticaria,” 
“ephemeral congestive tumors of the skin,” and “ephemeral cutaneous 
modosities,” while many have called it simply Quincke’s disease or 
Quincke’s edema, out of compliment to its discoverer. The term angio- 
neurotic edema was originated by Stribing* in 1885, and has been the 
one most commonly used to designate the condition since that time; 
though perhaps the most extensive reviewer of the subject, Cassirer,* 
discards it for the simpler one of “acute circumscribed edema,” recog- 
nizing that there is no final proof of its neurotic origin, that the disease 
is not confined to the skin, and believing that the name should carry a 


* Submitted for publication June 15, 1917. 
1. Quincke: Monatsh. f. pract. Dermat., 1882, 1, 129. 

2. Milton: Edinburgh Med. Jour., December, 1876, p. 513. 

3. Striibing: Ztschr. f. klin. Med., 1885, 9, 381. 

4. Cassirer: Vasomotorische trophischen Neurosen, p. 242. S. Karger, Berlin, 
1901 ; Lewandowsky’s Handbuch der Neurologie, 5, 256. J. Springer, Berlin, 1914. 
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distinction from some ill-understood but possibly related chronic 
edemas like Milroy’s disease and recurrent hydrops of the joints. 


Angioneurotic edema is not an uncommon disease. In 1901 
Cassirer was able to collect from the literature 160 cases, described 
under one or another of its various names, and many others have 
been published since. The disease is characterized by acute, massive, 
ephemeral swellings of the skin, and sometimes of mucous membranes 
or of internal organs, which often develop and disappear with great 
rapidity, leaving no trace behind them. It has a tendency to recur, 
many of those who suffer from it being repeatedly attacked. It is 
often associated with other neuroses; and it seems to be more or less 
closely related to urticaria and other skin lesions exhibiting local vas- 
cular disturbances. Osler calls its swellings “only urticarial wheals 
‘writ large,” but the typical Quincke’s disease, with its large, pale, 
cool, nonitchy swellings, is in marked contrast to the usual form of 
urticaria; and unlike urticaria the character of the food seems unim- 
portant as an etiologic factor. 

Angioneurotic edema generally appears as an acute sporadic affec- 
tion without adequate clinical explanation. But as a relative rarity 
there has been observed a familial type of the disease, in which the 
affection has seemed to be distinctly hereditary and has appeared in 
several or many members of a family through two or more successive 
generations. It is to this type of the disease, the general features and 
literature of which were well summarized by Fairbanks,® in 1904, 
that we wish to direct attention. 

Shortly after the identification of Quincke’s edema in 1882, 
Dinkelacher,® one of Quincke’s students, observed the disease in a 
watchmaker who had been affected by transient local swellings for 
many years and who had a son likewise affected from an early stage 
of infancy. Three years later Valentin’ observed in this same family 
another son, not born at the time of Dinkelacher’s report, who was 
affected from the first week of his life, and a daughter who was free 
from the disease. In 1885 Striibing* described a case in a man aged 
71 years, who had been subject to attacks of swelling of the throat 
and face from his 26th year, and who had a son and a daughter sim- 
ilarly affected from very early life. A year later Falcone® reported 


5. Fairbanks: Am. Jour. Med. Sc., 1904, 127, 877. 

6. Dinkelacher: Inaug. Diss., Kiel, 1882. Reference by Fairbanks, loc. cit., 
Footnote 5. 

7. Valentin: Berl. klin. Wehnschr., 1885, 23, 150. 

8. Striibing: Ztschr. f. klin. Med., 1885, 9, 381. 

9. Falcone: Gazz. d. osp., 1886, 7, 125. Reference by Fairbanks, loc. cit., 
Footnote 5. 
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a case of acute recurring edema in a child of 7 years whose grand- 
father suffered similar attacks. 

Osler’? first called attention to the existence of hereditary angio- 
neurotic edema in this country, in 1888. He published the history of 
a family in which it was present through five generations, and in 
which twenty-two members had suffered from repeated attacks of the 
disease. Long after the publication of his original report, Osler" had 
the opportunity of examining two members of the sixth generation of 
this family who also had the disease. The condition was characterized 
by the occurrence of transient local swellings in various parts of the 
body which were almost always accompanied by gastro-intestinal dis- 
turbances, such as colic, nausea, vomiting and sometimes diarrhea. 

Others who have added to the list of cases of the familial type of 
angioneurotic edema are: Kreiger’? who, in 1899, reported cases in a 
mother and son; Fritz,"* 1893, who recorded a history in which eight 
members of one family were subject to severe attacks, and five of 
whom died of edema of the glottis; Roy,’* 1894, who observed the 
disease in a mother and daughter; and Ricochon,’® 1895, who saw 
three generations of one family affected, the attacks being accom- 
panied by colic, vomiting and fever. Yarian,’* in 1896, described a 
case i: 2 woman of 42, with a history of nine other cases among rela- 
tives; Schlesinger,*’ 1898, reported on a family which was affected 
through four generations ; Griffith,"* 1902, saw a father and daughter 
who died of the disease, with acute edema of the larynx, at the respec- 
tive ages of 29 and 23; Harris,’® 1905, observed the disease in a patient 
aged 21 years, who had twice been tracheotomized for laryngeal edema 
(which ultimately proved fatal) and whose mother and sister were 
likewise affected; and Harbitz,?° 1911, described a case where there 
was a history of similar attacks in a brother, the father, the paternal 
grandfather, and in two sisters of the grandfather. 

Unusual and extensive were the ravages of the disease in a fam- 
ily observed by Ensor,”* where among eighty members in three gen- 


10. Osler: Am. Jour. Med. Sc., 1888, 95, 362. 

11. Osler: Modern Medicine, Ed. 2, 1915, 4, 998. 

12. Kreiger: Meditzinskvie Oborzrenie, 1889. Reference by Fairbanks, loc. 
cit., Footnote 5. 

13. Fritz: Buffalo Med. and Surg. Jour., 1893-1894, p. 286. 

14. Roy: Med. Rec., New York, 1894, 66, 42. 

15. Ricochon: Semaine méd., 1895, p. 365. 

16. Yarian: Med. News, London, 1896, 69, 238. 

17. Schlesinger: Wien. klin. Wchnschr., 1898, No. 14, p. 335. 

18. Griffith: Brit. Med. Jour., 1902, 1, 1470. 

19. Harris: Am. Jour. Med. Sc., 1905, 130, 382. 

20. Harbitz: Miinchen. med. Wchnschr., 1911, 58, No. 48. 
. Ensor: Guy’s Hosp. Rep., 1904, 58, 111. 
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erations thirty-three were attacked and twelve died of edema of the 
glottis. 

Unless other and more extensive reports have escaped our notice, 
it would seem that the opportunity to observe angioneurotic families 
and to study the history of their trouble through successive genera- 
tions does not often come to physicians. The history of such a fam- 
ily which has come under our observation may therefore be of suffi- 
cient interest to warrant its publication. 


In the community where one of us (J. R. C.) resides there has been for 
many years a family in which the frequent occurrence of local swellings in 
various parts of the body is a fact of common knowledge to their friends 
and neighbors and a matter of grave concern to the parents of children who 
may become victims of this hereditary weakness. Many of the members of 
this family have suffered severely and repeatedly through longer or shorter 
lives, and not a few have finally died the victims of attacks in vital organs. 
The disease is known to have continued through five generations. 

Only one of the affected members of this family has come under our per- 
sonal observation as a patient. He is now nearly 80 years of age. Since 
early life he has been subject to severe attacks of local edema, sometimes of 
monstrous size, developing quickly, disappearing with equal rapidity, and affect- 
ing at different times practically all parts of the surface of the body. In his 
later years these attacks have been infrequent and of slight severity, but through 
all of his early adult and middle life they were both frequent and severe. He 
was never able to foretell them more than a very short time before the swell- 
ing began, and was never able to associate them with any particular event, either 
dietary, traumatic, or otherwise. They come out of nowhere, and disappear 
with equal mystery. There is sometimes disturbance of the digestive system, 
but it has no constancy. He says that before the swelling begins there may be 
a little tingling or burning, but rarely a genuine pain, and that with full 
development there is only a local feeling of fulness and tension. With the 
attacks there is always a sense of anxiety and uneasiness, and a fear born of 
painful knowledge of misfortune in many of his relatives that the trouble will 
“strike to the throat.” There is a family tradition that the immediate adoption 
of heroic treatment with alcoholics and nitroglycerin will combat the cause and 
cure the attack. And, indeed, it has seemed to do so many times; but whether 
the relation of cause and effect is properly judged in this there would seem 
to be much doubt. 

The family history, in so far as it concerns the appearance of angioneurotic 
edema, begins with the father of our patient. About 1820, being then a young 
man and recently married, J. C. took a contract in the logging camps of western 
Pennsylvania. The winter was very cold, with much snow on the ground, and 
he lived under the primitive conditions to be found in loggers’ cabins. Dur- 
ing this winter he had an attack of illness which was subsequently referred to 
as quinsy, in which the neck was greatly swollen. From that time on swellings 
were repeated at irregular intervals, invading all parts of the body, and they 
were eventually fatal through involvement of the throat, though not until the 
lapse of something like twenty years. Previous to his attack in the logging 
camps he had never suffered with any such malady, nor, so far as was ever 
-known to him, was there any history of a similar affection in his immediate 
family or among any of his relatives. 

This man was the father of ten children, three daughters and seven sons, 
of which our patient was next to the youngest. Though the mother of these 
children was entirely free from their father’s affliction, his peculiar malady 
was transmitted to all of them with the exception of one son, and seven of 
them are said to have died of the disease. Two of the affected nine of the 
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second generation died without descendants; to the remaining seven there were 
born twenty-nine children, and twelve of these twenty-nine had angioneurotic 
edema. In only one of the seven groups of children born to these seven 
affected parents, and making up the third generation, were all the children 
free from the disease. In the fourth generation there are seven known groups 
of children with a total of eighteen individuals. Nine of these children are 
descended from three unaffected parents and are free from the disease. Nine 
are descended from four affected parents and five have the disease. Only one 
of the affected parents gave issue to children who have thus far entirely 
escaped. The fifth generation contains only six known members up to the 
present. Three are the daughters of an unaffected mother and are free from 
the disease; three are the daughters of an affected mother, and one of them has 
the disease—the only case so far observed in the fifth generation. 

In this family, so far as it can be traced from the first to the fifth 
generation, definite histories have been obtained of sixty-four indi- 
viduals. Among them there have been twenty-eight cases of angio- 
neurotic edema and fifteen deaths from an acute form of the disease. 
That is, of the sixty-three known descendents of J. C. twenty-seven, 
or 42.9 per cent., have inherited his disease, and 51.5 per cent. of those 
who have had the disease have died of it. Both the descendents of 
J. C. and the cases of angioneurotic edema among them have been 
about equally divided between males and females. Of the former 
there have been thirty-two, with thirteen, or 40.6 per cent., affected ; 
of the latter there have been thirty-one, with fourteen, or 45.2 per 
cent., affected. Their distribution by generations is shown in Table 1. 


TABLE 1.—Dtstreisution spy GENERATIONS 


Generation Males Females Total 
6 3 9 
Per cent. affected............. 85.6 100.0 90.0 
ane 12 5 17 

Per cent. affected............. 34.0 58.4 41.4 
6 7 13 

Per cent. affected............. 25.0 30.0 278 
ee 0 5 5 

Per cent. affected............. as 16.6 16.6 


19 17 
Per cent. affected............. 


If we confine our attention to the children of affected parents 
only, it is found that 53 per cent. of them have inherited the parents’ 
affliction. Confining it so, the details of the inheritance by generation 
and through the two sexes are shown in Table 2, in which the figures’ 
in parenthesis indicate the number of affected parents concerned. 
From the figures in the last group in Table 2 it would seem that the 
inheritance is twice as likely to occur through the male as through the 
female line ; but if we eliminate the children of the first affected father, 
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that is, the second generation, the difference is found to be rather less, 
though still striking. There is an instance in the literature, recorded 
by Cassirer,?* in which the inheritance was entirely through the male 


line. 
TABLE 2.—Detaits or INHERITANCE FROM AFFECTED PARENTS 


Generation Fathers Mothers Total 
I Total children of affected parents 10 [1] ee 10 [1] 
Affected children 9 ape 9 
Per cent. of children affected.... 90.0 ~— 90.0 
Total children of affected parents 18 [4] 11 [3] 29 [7] 
Affected children 9 3 12 
Per cent. of children affected.... 50.0 17.3 41.4 
Total children of affected parents 5 [2] 9 [4] 
Affected children 3 2 5 
Per cent. of children affected.... 40.0 55.6 
Total children of affected parents .... 3 [1] 3 [1] 
Affected children 1 


Per cent. of children affected.... — 3.3 
Total children of affected parents 19 [6] 
Affected children 21 6 
Per cent. of children affected.... . 31.6 


6 


Males 
O Females 


@ Affectea 
O O Not affected 


Died of the disease 


Familial angioneurotic edema. 


The known portion of the history of angioneurotic edema in this 
family is shown in the form of a chart, in which the children of each 
family group are shown (from left to right in the order of their birth), 
while those affected and those who are supposed to have died of the 
disease are indicated by distinctive markings. It is believed to be 
complete and correct for all the groups that are shown. A glance at 
the chart will show one striking fact: that the line of inheritance of 
the disease has always been direct. It does not skip and reappear, but 
continues in an unbroken line from parent to child. There are only 
two instances where all the children of an affected parent have entirely 
escaped the angioneurotic trait, and there is no instance of a child of 


22. Cassirer: Lewandowsky’s Handbuch der Neurologie, 5, 256. 
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unaffected parents having exhibited the disease. This has not always 
been true of other angioneurotic families recorded in the literature ; 
there have sometimes been skips and reappearance, but these are 
exceptions which are rarely noted; and direct descent is so constant 
as to suggest inheritance in the strict sense of a trait transmitted as a 
dominant characteristic under the mendelian law. 

During many years the physical ills of all the members of this large 
family who resided in this community — and they include the majority 
of those shown in the chart — were looked after by Dr. J. R. Hinkle, 
a keen and able doctor of the old school, who, until his death some 
years ago at the age of 82, took great interest in their peculiar malady. 
After his death there were found among his effects some notes and 
letters concerning the family and their disease, from which many of 
the facts recorded in this history have been taken and which have 
added materially to its completeness. 

Dr. Hinkle’s experience with angioneurotic edema was unusual and 
extensive. It has probably come to few men to handle so large a 
group of related cases through so long a period of years; and his notes 
concerning it, while incomplete and often disconnected, are both inter- 
esting and instructive. His records bear no date, but were apparently 
prepared soon after 1890. While there is among them an entire 
absence of specific case histories or detailed clinical data, it is clear 
that he had studied his subject with much care, had gone thoroughly 
into the lineage of his cases, knew his patients well, and was conversant 
with the literature in existence at that time. The following quotations 
taken from his notes and letters give a better picture of the disease as 
it exists in the family under consideration than any that could be 
drawn from our own experience, and throw valuable side-lights on 
the clinical features of the disease. He says: 


For thirty years I have had four or five families to wrestle with who have 
all of these years been subject to such attacks. . . . We have them to 
the fourth generation. Throughout these generations, as far as they take the 
type of the C. family, they expect to have the disease; as far as they take 
the type of the father or mother outside of the C. family they expect to be 
exempt. This is largely true. . . . The family throughout are remarkably 
exempt from organic diseases. . . . They are not subject to morbid blushing. 

The area involved may be from a small spot in the skin to the area of 
the back, . . . a single joint of a finger or toe, . . . on any part of the 
surface a spot not larger than a silver fifty cent piece. . . . A hand or foot 
will suddenly become doubled in size. Where the surface is larger and furnishes 
more tissue, as in the femoral region, the back, or sides of body, suddenly there 
will be a great roll apparently as large as a man’s arm thrust under the skin, 
extending from pelvis to axilla, neck, or shoulder. Again it is circular in 
form—6, 8, 10, or 12 inches in diameter. . . . The swelling does not follow 
the course of muscles or other tissues. 

There is no part of the surface that I have not seen to suffer; also the 
tongue, larynx, lung, stomach, alimentary canal throughout. Every tissue except 
the bones and cerebrospinal axis may be involved. In one young lady, aged 
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18, the uterus in thirty minutes presented above the pelvis, as large and to the 
touch very much the appearance of a twenty-pound cannon ball. Pain was 
excruciating, not controlled by anodynes given heroically. In two and a half 
hours subsided, all quiet. . . . The heart is reported as having been involved. 
I have not seen such. An attack involving the heart would make short work 
of it. In such, death is immediate, hence a physician does not see them; nor 
is there any history except that they are dead. . . . In this community any 
statement as to the extent of the swollen condition of these people would not 
be classed as extravagant. To a stranger I do not know, hence I have not 
indulged in excess but have been moderate. 

The swelling usually begins, or rather the first warning of the approach is 
in a small stinging sensation in the part attacked, described by the patient as 
the smallest possible point, but sharp and positive, probably the stretching of 
a single nerve capillary in the skin. Very soon this is multiplied and the tumor 
is perceptible. As the tumor increases in size the sharp pain does not increase 
in proportion to the increase of the tumor, but takes on a heavy feeling of 
compression, and motion in the part is obstructed. The skin becomes tense 
and shining, and distended often to the limit of its elasticity, the epidermis 
showing numerous checks and fractures. . . . There is no capillary engorge- 
ment, no throbbing pain, no wall of lymph as in an inflammatory process. 

Vasomotor constriction is apparent in all attacks. In the outset it is the best 
guide to prognosis. If in the beginning of the attack the superficial circulation 
is fairly maintained and the artery is not too much constricted, there is reason 
to expect a favorable result; if the reverse, and there is a sudden receding of 
surface manifestation of circulation with the artery materially constricted, there 
may be little tissue involved as yet but there will soon be an unpleasant abun- 
dance, with collapse to the limit of life. . . . When any considerable amount 
of tissue is involved the depression is great. . . . The family has long 
since learned to look to this feature. If for a day or two a member is uncom- 
fortable, manifesting a disappearing superficial circulation, the radial artery 
becomes narrow and constricted, there is great anxiety. If a swelling does occur 
at this time it will probably be extravagant. If the swelling appears suddenly 
and circulation is fairly maintained, the prognosis is favorable even though a 
large amount of tissue be involved if no vital organ be a victim. . . . The 
disturbed circulation may be manifest and no active swelling. We have clouds 
when we have rain; may have clouds and no rain. 

In the young and others who are vigorous the swelling is usually very prompt 
in appearance; that is, in thirty minutes to an hour it will often be fully 
developed. Again it will be twenty-four hours in attaining its full force. The 
promptly developing attacks usually recede as promptly. With age or an 
exhausted system the swelling is much slower in developing, is not so intense, 
and continues longer, may be two or three days. As the vitality wanes the 
swelling moderates and finally ceases to appear, but the patient passes through 
all the other conditions of an attack, but it is not localized but diffused through 
the system. When this condition prevails, it requires a week or two to pass 
through an attack. Finally there becomes a continuous chronic morbid state 
that does not manifest remissions and exacerbations. The transition from the 
acute to chronic form is not sudden, but may be years. Nor is this a new 
neurosis or another variety, but the same disease with an altered and lowered 
vitality. 

in your report you indicate that the attacks cease to occur in many, but 
even if not it does not kill. In the people suffering so here my observation 
is that they all die directly or indirectly of the disease, either in the acute 
stage when a vital organ is invaded or in the chronic stage. As they grow 
older, or in the young who suffer frequently, they cease to have the local 
tumefaction, but instead there comes a chronic degenerative neurosis (this is 
not the right name, but I do not know a better one) with lack of assimilation, 
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waste of tissue, muscles weakened, moving sluggishly. When they attain to 
this stage they drag out a miserable, tedious, semipainful, inert existence and 
die sure. 


COM MENT 


The clinical characteristics of the swellings in these cases as 
described in the above quotations correspond in the main with the 
descriptions given by our patient of his own attacks and of the many 
he has observed among his relatives. We believe there can be no 
doubt of their essential correctness, however extravagant they may 
seem. We may well doubt, however, the correctness of Dr. Hinkle’s 
conclusion that the deaths from chronic degenerative processes among 
those who have been afflicted are still deaths from the same neurosis 
which at other times produces only acute and transient swellings. The 
application of modern clinical and laboratory methods would probably 
give a better explanation for many of these. But the history of the 
occurrence of many deaths in the acute stages of the disease, from the 
swelling of vital organs, and especially of the throat, is so clear as to 
be beyond serious question. 

We have spoken of angioneurotic edema as a disease. This may be 
objected to by those who hold it only a syndrome. It is indeed a 
symptom only, like a convulsion; but it is, on the other hand, a fairly 
‘distinct clinical entity, not a part of any general condition which we 
are able to classify with perfect confidence, and for practical clinical 
purposes may best be called a disease. 
| The etiology and pathogenesis of angioneurotic edema are obscure. 
In the particular group of cases with which this paper deals, it is clear 
that heredity is the chief etiologic factor; but beyond that we are 
scarcely able to go. Obscurity begins at once in attempting to do so, 
for we are not aware of either just what is inherited or what deter- 
mines its manifestation in the form of local swellings. 

There have, nevertheless, been numerous attempts to explain the 
disease. By one, the causative role has been ascribed to alcohol; by 
another, to malaria; by others, to various intoxications and infections; 
each basing his conclusion on a particular observation which seemed 
to support his theory. Practically all observers believe that it bears 
a close relation to many nervous conditions, both functional and 
organic. It is not infrequently associated with migrain, with epilepsy, 
with chorea, with neurasthenia, and it has been observed to accompany 
the lightning pains of tabes. It is most commonly found in neuropathic 
persons, and is often so closely bound up with other symptoms of 
neurosis that it almost loses its identity. Families in which the heredi- 
tary form appears are usually neuropathic families. 

No age or sex or social condition shows a special predisposition. 
While the disease develops most frequently in the third and fourth 
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decades, no age is exempt. It has been seen in early infancy and in 
those past the eightieth year. Of 210 cases collected by Cassirer,** 
111 were males and 99 were females. 

Sometimes the attacks repeat themselves with photographic correct- 
ness; sometimes they vary greatly. It has frequently been observed 
that one attack predisposes to others in the same locality — leaves 
some local sensitization which leads to future troubles. They may 
come once in a life-time, they may be repeated irregularly at intervals 
of years, or come on regularly or irregularly at intervals of months or 
weeks or days. And with all their repetition it may not be possible to 
find an exciting cause. 

But it is sometimes otherwise. It has been frequently noted that 
small local traumas immediately precede the attacks. For instance, 
Halsted** saw an enormous swelling of the genitals develop immedi- 
ately after a bicycle ride; and Courtades** saw the swelling develop 
after a blow in the eye of a boy aged 15 years, with recurrence there- 
after in various parts of the body after any slight blow. Van Iterson*™® 
records a death from edema of the throat immediately following ton- 
sillectomy, in which it was subsequently found that any small trauma 
was immediately followed by great local swelling. There are several 
cases like this in the literature. Three deaths in the family herein 
presented occurred from edema of the throat soon after the extraction 
of teeth. Thermic influences have often seemed to be the exciting 
cause, especially cold in many forms. Here probably belong those 
cases where the swelling comes only in the exposed parts of the body. 
as in the face and hands; and they constitute a large proportion of the 
whole number. 

In other cases psychic influences seem to call forth the attack. The 
great emotions of fear and anger, or prolonged and arduous mental 
application have been observed immediately to precede the first attack. 
One of Cassirer’s* patients always got the swelling when he first saw 
it appear in his child; and he refers to a patient of Steckel who always 
developed an acute edema of the leg when crossing a certain place 
unless he was accompanied by his physician, when the swelling did not 
occur. 

But these facts, if indeed they are facts, scarcely clarify the subject. 
They do not explain the pathogenesis of the chief symptom, which is 
edema. It would seem that there must be some irritant fo the capil- 
laries concerned, and that through it either the lymph secretion is 


23. Halsted: Am. Jour. Med. Sc., 1905, 128, 863. 

24. Courtades: Reference by Cassirer, Lewandowsky’s Handbuch der Neuro- 
logie, 5, 256. 

25. Van Iterson: Reference by Cassirer, Lewandowsky’s Handbuch der 
Neurologie, 5, 256. 
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increased, or the vessel walls are so changed that they let through more 
transudate, or there is caused an increased absorptive power of the 
surrounding tissues. Experimental evidence of influence of this sort 
is not at hand, however, and we are left with only theories. Certain 
clinical observations, as urged by Cassirer and others, point strongly to 
the toxic, autotoxic, or infectious origin of certain cases. These come 
on acutely, recover, and do not recur except by repetition of the same 
toxemia. This group stands close to urticaria and purpura. On the 
other hand, the cases of direct or indirect heredity, in which the ner- 
vous conditions are predominant and which are related to other ner- 
vous affections, are apparently not dependent on outside influences. 
They regularly recur, and psychologic influences are etiologically 
important. But even here, it seems possible that through the influence 
of the nerves some toxic substance may be developed locally, causing 
temporary injury to the vessel walls or tissues; though wherein this 
supposed susceptibility of the nerves may lie is not known. In such 
cases we must deal with what appears to be an instability of the central 
nervous system, as in many other diseases, without positive knowledge 
of the nature of the defect. 

A careful metabolic study of an angioneurotic woman, aged 54 
years, was recently made by Miller and Pepper.** They found a slight 
increase of nitrogen retention during the attacks, and a reduced elim- 
ination of chlorids for three or four days preceding them, but no other 
changes. They believe that a low chlorid intake will have a beneficial 
effect on the attacks, but they do not find in their studies an adequate 
explanation of the cause. There is a tendency among some observers 
to find the glands of internal secretion at fault, but the relation is not 
made clear. 

A point that seems not to have been considered sufficiently hereto- 
fore in this connection is that of specific or nonspecific protein sensi- 
tization after the manner of anaphylaxis. The history of idiosyn- 
crasies in certain families, such as the tendency to hay fever and 
asthma, or the susceptibility to certain foods, has long been known. 
Similarly, a high degree of spontaneous sensitization to foreign pro- 
teins, specific or nonspecific in character and often multiple, with a 
distinct tendency for it to occur in families in which there is much 
evidence of inherited sensitization being transmitted as a dominant 
characteristic according to the mendelian law, has been recently pointed 
out by Longcope.*” Herein may lie the explanation of angioneurotic 
edema. It offers the most fertile visible field for future investigation. 


26. Miller and Pepper:. Metabolism Studies of Angioneurotic Edema, Tue 
ArcHives Int. Mep., 1916, 18, 551. 
27. Longcope: Am. Jour. Med. Sc., 1916, 152, 625. 
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While the experimental study of immunity and anaphylaxis has seemed 
to establish the principle that transmission from mother to offspring, 
while it does occur, is in no sense a true inheritance, but is a passive 
transferrence of immune bodies to the child through the blood or milk 
of the mother and is very transient in character, Longcope has pointed 
out that the facts so far collected regarding the familial tendency of 
idiosyncrasy to foreign protein in man do not accord absolutely with 
those observed in experimental transference of immunity and anaphy- 
laxis in animals. In the first place, sensitization in man is not tran- 
sient, but often of years’ duration ; in the second place, it may continue 
through successive generations; and in the third place, it is often 
noticeable principally or solely in the male members. And finally, the 
sensitization may not always be to the same protein; in one family 
which Longcope studied the father was sensitive to horse serum and 
the son to egg-white. If inheritance is a factor, therefore, it cannot be 
simply by means of passive transfer from mother to offspring, but in 
some instances, at least, would seem to be a true inheritance of cell 
characteristics derived from one of the parents. In the important work 
recently published by Cooke and Vander Veer,** they have shown from 
a clinical study of the family history of 621 patients suffering from 
evidences of protein sensitization, chiefly hay-fever, that sensitization 
affects members of families in a proportion which closely approximates 
the theoretical figures of the mendelian law. They believe that the 
inheritance consists in the transmission of a tendency to sensitization 
only, or of a particular susceptibility, and not of the sensitizing sub- 
stance itself. And they look on angioneurotic edema as a true anaphy- 
lactic reaction. 

-As to what may be the nature of the substances on which such a 
sensitization might depend in the case of angioneurotic edema we have 
no present knowledge, but it would seem that they necessarily must 
be common things and of general distribution, for in no other way can 
we account for the frequency and repetition of the attacks. Certain 
bacterial proteins might answer the requirements. It will be remem- 
bered that the original case of the disease in the family whose history 
has been presented was associated with an attack of quinsy. Is it pos- 
sible that some sensitization to the products of the streptococcus could 
have arisen at that time which manifested itself later as a profound 
reaction to each mild flare-up of an infection which would ordinarily 
be harmless and pass unnoticed? And could the ubiquity of the strep- 
tococcus be responsible for keeping the sensitization active in particu- 
larly susceptible tissues? The suggestion is not made with confidence, 
but it may be worthy of consideration in future studies. 


28. Cooke and Vander Veer: Jour. Immunol., 1916, 1, 201. 
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A discussion of the symptoms, diagnosis, prognosis and treatment 
of angioneurotic edema lies beyond our present purpose. The symp- 
toms are almost wholly occasioned by the swelling and will differ 
according to its location. If in the skin, the large, pale, elastic and 
nonpitting swellings, which are nearly free from abnormal sensation, 
should be readily recognized. The attacks come on acutely and are 
usually unheralded. They last for a few hours to a few days and dis- 
appear quickly, leaving no trace of their former existence. If the air 
passages are attacked, grave symptoms of obstruction may occur, 
leading even to death; but it is said that death is practically unknown 
except in the familial cases. If internal organs are invaded there may 
be much pain, and differential diagnosis becomes important. Not a 
few laparotomies have been performed in the belief that there was 
intestinal obstruction, as in the report of Bogart, or ruptured tuba! 
pregnancy, as in a case reported by Briggs.*® The history of previous 
local swellings, either in the person concerned or in other members of 
his family, is important in this relation. 

Concerning treatment, it only needs to be said that our efforts are 
rarely effective. Only to a small extent can we limit the attack, and 
we cannot prevent recurrence. 


29. Bogart: Ann. Surg., 1915, 61, 324. 
30. Briggs: Fulminating Pelvic-Abdominal Edema Simulating Ruptured 
Tubal Pregnancy, Jour. Am. Med. Assn., 1908, 50, 528. 
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EXPERIMENTAL HYDRONEPHROSIS 


FOLLOWING 


FUNCTIONAL AND ANATOMIC CHANGES IN THE KIDNEY 
PARTIAL URETERAL OBSTRUCTION * 


N. M. KEITH, M.D., ann D. S. PULFORD, Jr. M.D. 
BALTIMORE 


During the last fifty years many investigators have turned their 
attention to the study of the effect of increased intra-ureteral pressure 
on the kidney parenchyma. Much of the work has been carried on in 
an effort to ascertain the effect of ureteral ligation, with the result that 
the pathologic processes involved were found to follow a definite 
sequence. Then again, the relation of these pathologic lesions to renal 1 
function has been studied in various ways, usually on a single kidney 
with the opposite organ intact. With the introduction of newer 
methods for the study of renal function, particularly in the last fifteen 
years, we have thought it of interest to investigate the conditions 
brought about by subjecting a kidney to back pressure while it was still 
eliminating the waste products of metabolism. 
By partially obstructing one ureter with a small rubber band and 
removing the opposite kidney, Keith and Snowden’ demonstrated 
changes in renal function along with the development of hydro- 
nephrosis. Under these conditions the single kidney, subjected to 
increased intra-ureteral pressure, must necessarily carry on the total 
renal excretion. Functional changes were to be expected. Whether 
similar changes would be brought about by the partial occlusion of 
both ureters seemed to be a matter for investigation, since such a pro- 
cedure would more closely resemble the effects produced by obstruc- 
tions in the lower urinary tract that are so frequently observed clin- 
ically. The chief object of the investigation was to study functional 
changes that might occur from day to day in an animal when the only , 
deviation from normal was an increased intra-ureteral pressure. 
Two types of renal insufficiency were observed after partial occlu- 
sion of the ureters: first, an acute type with symptoms of severe renal 
insufficiency which soon resulted in death; second, a chronic condition 
in which the kidneys might show little or no functional change for a 
considerable period, but acute renal insufficiency and death occur later. 
In a few experiments, recovery of function was studied after the 
removal of its obstruction. 


* Submitted for publication June 14, 1917. 
*From the James Buchanan Brady Urological Institute and the Medical 
Clinic of the Johns Hopkins Hospital. 

1. Keith, N. M., and Snowden, R. R.: Functional Changes in Experimental 
Hydronephrosis, THe Arcuives Int. Mep., 1915, 15, 239. 
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METHOD OF PROCEDURE 


As in the former experiments, female dogs were used exclusively because 
of the ease of catheterization. The animals were operated on under surgical 
aseptic technic. After entering the abdomen through a midline incision, the 
ureters were approached through the posterior peritoneum just below the lower 
fold of each kidney, and rubber bands placed about the ureters as described in 
the previous paper. In the former work the band was placed about the ureter 
just above its entrance into the bladder, but because of Lucas’ observation’ 
that the ureteral musculature in the middle third of the ureter is able to 
overcome considerable back pressure, it was thought more advisable to produce 
the partial obstruction as near as possible to the ureteropelvic junction. With 
the exception of two early experiments, this was the method adopted. In 
order to determine whether a method could be devised for accurately esti- 
mating the pressure exerted by the rubber band on the ureter, experiments 
were carried out on the cadaver with different mechanical devices. None of 
these was found to be satisfactory, so that in all of our animals the application 
of the bands to produce the required obstruction was purely a matter of prac- 
tice and judgment at the time of operation. After the bands were in position 
the abdominal wall was closed and the animal returned to the metabolism cage. 
Previous to operation the dog was catheterized and the first twenty-four-hour 
specimen was collected from that time. 

Control—In order to be certain that the rubber band was entirely respon- 
sible for the increased intra-ureteral pressure, the following control experi- 
ment was carried out: The usual operation was performed on a small dog, 
D17, and the bands were placed as loose loops about the ureters so that it 
was impossible for the rubber to exert any pressure on the ureteral wall. 
Functional studies were carried out on the fourth, fifth and seventh days 
and at weekly intervals until thirty-six days after operation, when the animal 
was sacrificed for anatomic study. During this entire period the functional 
tests were normal, the phenolsulphonephthalein output varying from 60 to 
74 per cent. excretion in one hour after intravenous injection, the urea nitrogen 
of the blood from 7 to 11 mg., and at no time were albumin or casts present. 
The animal also retained its original weight. 


Gross examination, at necropsy, revealed nothing abnormal in the 
ureters or kidneys. The elastic bands were surrounded as usual by 
connective tissue, but the ureter did not show any dilatation above the 
band. Histologically, the kidneys appeared normal. 

This control experiment, together with others to be described later, 
is offered as evidence that, in order to produce ureteral obstruction by 
elastic bands, the latter must exert an actual pressure on the ureteral 
wall. 

METHODS USED IN FUNCTIONAL STUDIES 
The dogs were kept in metabolism cages and, as in our earlier experi- 
ments, were given a constant diet of 200 gm. of ground beef with 300 c.c. 
of water per day. This food was found to vary greatly in its nitrogen con- 
tent, and, as daily analyses were not practicable, short experiments were done 
on starving dogs, which received a measured amount of water. In a certain 


number of animals, 200 c.c. of a 1 per cent. sodium chlorid solution, admin- 
istered subcutaneously, made up the dog’s daily allowance of salt and water. 


2. Lucas, D. R.: Physiologic and Pharmacologic Studies of the Ureter, ITI, 
Am. Jour. Physiol., 1908, 22, 245. 
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The use of female dogs made the urine collection by catheter at the begin- 
ning and end of twenty-four hour periods a fairly accurate procedure. Cathet- 
ers were sterilized and the vagina given a liberal douche with sterile 4 per 
cent. boric acid solution in order to observe as nearly an aseptic technic as 
possible. When the phenolsulphonephthalein excretion was determined, only 
an aliquot portion of the urine containing the dye was used in its estimation, 
the rest being added to the twenty-four hour specimen. For the detection of 
albumin, heat and 5 per cent. acetic acid were used. A centrifuged specimen 
of urine was examined for the urinary sediment. The phenolsulphonephthalein 
test of Rowntree and Geraghty’ was employed according to their original 
technic. Both intravenous and intramuscular injections of the dye were used, 
as indicated in the protocols. Urine was collected by catheter and the bladder 
irrigated at the end of one or two hours, and the percentage of phenolsul- 
phonephthalein determined colorimetrically. It is recognized that residual urine 
lying behind the ureteral obstruction would have a tendency to decrease the 
absolute amounts of phenolsulphonephthalein recovered within a definite time 
after injection. As the tests were carried out under like conditions of fluid 
intake, th error remains a constant one and changes in the amounts of the 
dye recovered from the bladder indicate corresponding changes in the amounts 
excreted by the kidneys. The total nitrogen in the urine was determined by 
the usual Kjeldahl and Gunning method, the urea as described by Marshall,‘ 
and the ammonia by Folin’s aeration method. In certain dogs creatin and 
creatinin of the urine were determined according to Folin.’ Duplicate deter- 
minations were always made. The nonprotein nitrogen of the blood was 
estimated according to the micromethod of Folin and Denis. This method 
was slightly modified, in that ethyl instead of methyl alcohol was used to 
remove the protein and the ammonia recovered after digestion by combined 
distillation and aeration. The Folin method’ for determining the creatin and 
creatinin in the blood was also employed, and the urea content of the blood 
was determined by Marshall’s method. Estimations of the hydrogen-ion con- 
centration of the blood in several dogs were carried out by the colorimetric 
method of Levy, Rowntree and Marriott.* Gross anatomic specimens obtained 
at necropsy or in the case of one dog after unilateral nephrectomy, were pre- 
served and prepared in Kaiserling’s solution. Specimens for microscopic study 
were preserved in Zenker’s fluid or 4 per cent. formaldehyd solution and sec- 
tions were cut from paraffin blocks and stained with hematoxylin and eosin. 


NORMAL LIMITS OF CONTROL STUDIES 


All of the animals used in these experiments were subjected to 
several control tests before operation in order to eliminate as far as 
possible the presence of so-called “spontaneous nephritis.” A cathe- 


3. Rowntree, L. G., and Geraghty, J. T.: The Phthalein Test, Tae Arcnives 
Int. Mep., 1912, 9, 284. 

4. Marshall, E. K.: A Rapid Clinical Method for the Estimation of Urea in 
the Urine, Jour. Biol. Chem., 1913, 14, 283. 

5. Folin, Otto: On the Determination of Creatinin and Creatin in the Urine, 
Jour. Biol. Chem., 1914, 17, 469. 

6. Folin, Otto and Denis, W.: New Methods for the Determination of Non- 
protein Nitrogen, Urea and Ammonia in Blood, Jour. Biol. Chem., 1912, 11, 527. 

7. Folin, Otto: On the Determination of Creatinin and Creatin in Blood, 
Milk and Tissues, Jour. Biol. Chem., 1914, 17, 475. 

8. Marshall, E. K.: A New Method for the Determination of Urea in Blood, 
Jour. Biol. Chem., 1913, 15, 487. 

9. Levy, R. L., Rowntree, L. G., and Marriott, W. McKim.: A Simple Method 
for Determining Variations in the Hydrogen-Ion Concentration of the Blood, 
Tue Arcuives Int. Mep., 1915, 16, 389. 
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terized specimen of urine was found to be free from albumin, casts 
and blood cells. A phenolsulphonephthalein test was carried out, the 
injection being given either intramuscularly or intravenopsly and the 
output determined during a period of one or two hours. Thirteen 
animals, after intravenous administration, had an excretion varying 
from 52 per cent. to 83 per cent. in one hour; in six animals, after 
intramuscular injection, the excretion varied from 44 per cent. to 71 per 
cent. in one hour; and in four animals, from 63 per cent. to 70 per cent. 
in two hours. These figures compare closely with those given by 
Rowntree and Geraghty,* with the exception of one animal, which 
excreted only 44 per cent. in an hour after intralumbar injection. 

A determination of the urea nitrogen of the blood was also made 
before operation. The amounts obtained varied from 7 to 18 mg. per 
100 c.c. These values bear a definite relationship to the amount and 
kind of food ingested, as Marshall and Rowntree’® have shown. The 
results obtained in the present experiments were on animals receiving 
a standard diet of raw beef or during a starvation period. In addition 
to the routine control determinations on all the animals, as outlined 
above, a number of special studies were carried out to determine nor- 
mal values for certain other factors which are known to be disturbed 
in renal disease. 

The total nonprotein nitrogen of the blood was determined in a 
series of nine normal animals and was found to vary from 22 to 34 mg. 
i per 100 cc. The animals were either receiving a standard ration of 
raw beef of’were fasting. Pepper and Austin" have shown variations 
: in the blood nitrogen in dogs due to the ingestion of large amounts of 
protein food. The preformed creatinin nitrogen of the blood was 
estimated on several different occasions in six control starving dogs 
and was found to be from 0.17 to 0.44 mg. per 100 c.c. Control deter- 
minations of the creatin nitrogen in three normal dogs varied from 
1.4 to 18 mg. The hydrogen-ion concentration of the blood was not 
determined prior to operation. Levy, Rowntree and Marriott’s® figures 
for two normal dogs were: serum Py 7.7 and 7.75 and whole blood 
(oxalated) 7.55 and 7.6. Marshall and Rowntree’’ in their paper on 
experimental phosphorus and chloroform poisoning give normal figures 
for the whole blood as Py 7.55 to 7.70. 

Four animals were studied for control values in regard to the 
excretion of nitrogen in the urine under starving conditions. The total 
output of nitrogen varied considerably, but the percentage content of 


. 


10. Marshall, E. K., and Rowntree, L. G.: Studies in Liver and Renal Func- 
tion in Experimental Phosphorus and Chloroform Poisoning, Jour. Exper. Med., 
1915, 22, 333. 

11. Pepper, O. H. P., and Austin, J. Harold: Experimental Studies of Urine 
and Blood Nitrogen Curves After Feeding, Jour. Biol. Chem., 1915, 22, 81. 
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the different constituents studied remained fairly constant. The urea 
nitrogen made up from 71 to 83 per cent. of the total nitrogen, 
ammonia nitrogen from 3.4 to 7.4 per cent., preformed creatinin 
nitrogen from 2.6 to 4.4 per cent. Table.1 gives the findings in one 
of these normal starving dogs, together with the partition of the non- 
protein nitrogen in the blood. 

The figures for the urea nitrogen percentage in the urine are lower 
than those reported by Howe, Mattill and Hawk" in starving dogs, but 
compare closely with those of Underhill and Kleiner.** 


TABLE 1.—Nrrrocen Partition—Controt, Doc 26 


Blood 
H20 Total Urea | Creat- | Creat-| Urea| NHs 
Day | Weight Intake, Nonpro- N, inin N, , : J N inin N, N, 
Kg. C.e. tein N, Mg. per | Mg. per N, per per 
Mg. per 10C.c. | 100 C.c. . | Cent.) Cent. 
100 C.c. 


3.7 
4.0 


120 4.24 -26 6.0 4.3 


* Phthalein excretion 44 per cent. Urine negative for albumin and casts. Urine acid to litmus during 
whole period. 


There is a considerable variation in the total amount of urine 
excreted by a starving animal under constant fluid intake. This varia- 
tion seemed more marked when the water was taken by mouth. In 
order to make the liquid intake more constant and permit studies in 
chlorid retention, 1 per cent. sodium chlorid solution (200 c.c.) was 
introduced subcutaneously in five normal animals. Using this method, 
the daily variations in the urine volume of the individual animals 
seemed more constant than when water was taken by mouth. 


TYPES OF RENAL INSUFFICIENCY RESULTING FROM INCREASED 
BACK PRESSURE 


From the beginning of these experiments it was found impossible 
at the time of operation to determine the extent of the back pressure 
and renal involvement that would result from the partial ureteral 
obstruction. As previously stated, no satisfactory method was found 


12. Howe, Mattill and Hawk: Distribution of Nitrogen During a Fast of 
One Hundred and Seventeen Days, Jour. Biol. Chem., 1912, 11, 103. 

13. Underhill, Frank P., and Kleiner, Israel S.: Further Experiments on the 
Mechanism of Salt Glycosuria, Jour. Biol. Chem., 1908, 4, 165. 
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to be available for estimating the tension exerted by the rubber band 
on the ureteral wall. With increasing experience we were able to 
place the bands so that in all the animals an increased intra-ureteral 
pressure followed the operation, but subsequent functional studies 
revealed wide variations as to the actual renal damage. : Necropsy 
findings also differed in the type and extent of the kidney lesions. As 
the work progressed functional and anatomic findings became less 
bizarre and the differentiation into two distinct types became possible. 

In the first place, one group of animals quickly developed signs and 
symptoms of severe renal involvement following the insertion of tight 
rubber bands. Urine was passed, the volume being sometimes actually 
more than normal, though usually less. Functional studies showed a 
rapid progressive accumulation in the blood of substances normally 
excreted, and within a week the animal died of acute renal insufficiency. 
In a second group of animals, a condition of chronic renal impairment 
gradually developed after varying lengths of time. One series of dogs 
in this group showed mild functional and pathologic changes soon 
after operation, followed by apparent recovery, but later a chronic 
condition developed. Another series gave no evidence of such early 
changes, but subsequently manifestations of a chronic lesion appeared. 
Several animals lived for periods of weeks and months in good general 
health with the functional findings indicating chronic lesions. Finally, 
symptoms of acute renal insufficiency developed rather suddenly, and 
within a short time the animal succumbed. 

Group 1.—Acute type: Aside from the fact that urine was being 
passed, the symptoms resembled closely those resulting from double 
ureteral ligation. Vomiting began a day or two after operation and 
subsequently neither food nor water could be retained. The dogs 
became much less lively and gradually weakened. No convulsive move- 
ments were observed and the dogs seemed mentally alert until death. 

Three animals of this type were studied from a functional stand- 
point. Dog 21 from the fourth day was able to excrete only a trace 
of phenolsulphonephthalein and the urea nitrogen of the blood reached 
116 mg. per 100 c.c. on the sixth day. The dog was found dead on the 
eighth day following operation. Necropsy showed both kidneys 
enlarged and engorged, the ureters and pelves distended above the 
constriction caused by the bands. On section, the pelves were dilated, 
the left to a greater degree than the right, and both contained a pus- 
like exudate. The cortex was thicker than normal and edematous. All 
the organs were soft and edematous from postmortem change, but no 
gross lesions were observed except in the kidneys. Histologic sections 
were not made because of the marked postmortem change. 
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The second animal, Dog 5, presented a similar picture, and on the 
fifth day the bands were removed following double lumbodorsal inci- 
sion. A large amount of urine was secreted on the two subsequent 
days, containing a daily output of nitrogen of 4 gm., but renal function, 
as shown by the phenolsulphonephthalein test and the urea nitrogen 
of the blood, did not improve. The dog was found dead on the eighth 
day after partial obstruction and three days after the removal of the i 
bands. (See Table 2.) Necropsy revealed an early peritonitis on two 

to three loops of bowel, although the remaining viscera and the entire 
parietal peritoneum were smooth and glistening and the abdominal i 
cavity contained no free fluid. The organs were negative, with the 

exception of the kidneys. These were both enlarged and the capsular ‘ 
veins distended. The ureters and pelves were dilated and contained 
mucopurulent material. 


TABLE 2.—Errects or PartiaL OpstrucTION oF UretTers IN Docs 


Dog 5, Weight 11.7 Kg. 


Urine 


Day Intake UreaN 


Date of Water, Blood, Reac- Total Urea Urea Phthal- 
Opera- C.c. Mg.per Amt., Specific tion Albu. N, N, N, ein,per 

tion 100 C.c. O.c. Gravity to min Gm. Gm. per Cent. in 
Litmus Cent. 2 Hrs. 


coo | | Neg. cece | cose eee 56-1 hr. 


10/ 9 eee saw 


10/13 
10/13 


10/14 


10/15 
10/16 ove ose 


* Bands removed. No food given on days tabulated. 
+ Urine and vomitus in seventeen hours. 
? Dog found dead. 


Histology.— Both kidneys showed extensive polymorphonuclear 
infiltration and edema; in the left the changes were more advanced, 
with necrosis and abscess formation. No connective tissue changes 
were observed. The tubular epithelium was markedly degenerated, | 
due, partially at least, to postmortem change. The tubules contained . 
hyaline, granular and pus casts. 

The third animal, Dog 4, was observed from the standpoint of 
nitrogen metabolism before and after operation. The dog was found 
dead on the fifth day, and at necropsy the kidney lesions were similar 
to those in the two previous experiments. The studies in regard to 


6 250 73 1.015 Acid Trace 414 3.21 77 33 
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some of the nitrogenous constituents of the blood and urine before and 
after operation are summarized in Table 3. Between the second and 
third days it will be noted that with a marked rise in the nitrogen in 
the blood the excretion in the urine was increased. The percentage 
relation of urea, ammonia and creatinin nitrogen in the urine remained 
practically normal. On the fourth day it is to be noted that the crea- 
tinin nitrogen of the blood was 0.54 mg., a figure considerably higher 
than the normal value, while the total nonprotein nitrogen was 183 mg., 
or four times the upper limit of normal. This great increase in total 
nitrogen was due chiefly to the high percentage (75 per cent.) of urea. 
The results of these experiments indicate changes that are typical 
_ of a rapid progressive renal lesion. Elimination by the kidney ceases 
within a few days and the animal quickly succumbs. 


TABLE 3.—Nitrocenous ConsTITUENTS oF BLow! 


Dog 4 


Intake 


Condition » Water, 
Kg. C.c. 


Operation 


0 
Signs of distemper........... 200 
Signs of distemper 300 
Found dead 


* Twenty-one hours after operation. 
t Urine contained watery vomitus; 35 ¢.c. obtained by catheter; 570 cc. in cage bottle. 

Group 2.—The second group of animals gradually developed chronic 
renal lesions. In one series early changes were present, while in the 
second little or no evidence of early functional impairment could be 
demonstrated, but subsequently manifestations of a chronic condition 
appeared. 

Functional and pathologic changes of a mild degree were observed 
during the first week in three animals in this group. The phenolsul- 
phonephthalein output was moderately diminished, the urine contained 
a trace of albumin and in one experiment (Dog 16) the urea nitrogen 
in the blood amounted to 26 mg. per 100 c.c., a figure slightly above 
normal. Detailed functional findings in Dog 2 are shown in Table 4. 
Dogs 2 and 3 were sacrificed on the seventh and eighth days to deter- 
mine the extent of the pathologic process. It is of interest that almost 


| | Blood 
| Day of | Total | Urea Creat 
tion tein N, | Mg. per N, 
: Mg. per | 100 C.c. ve per 
| | | 100 C.c. | 00 C.« 
2/4 on 9.22 125 27 | 8 0.17 
5/15 8.96 | 300 2 | 10 0.18 
5/15 1 | 
5/16 | 2 | 31 
5/17 3 | = 
5/18 4 188 | 138 0.54 
5/19 5 
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identical lesions were found in the two animals. The pelves and ureters 
were only slightly dilated, the kidneys normal in size, with slight 
engorgement of the capsular veins. On histologic examination the 
abnormal findings were, slight dilatation of the tubular lumina, con- 
gestion and polymorphonuclear infiltration of the pelvic mucosa and 
papillae, with slight, if any, alterations in the tubular cells. The 
glomeruli appeared normal in every respect. 

The third animal, Dog 16, was observed for a period of twenty-one 
days, and during this time the phenolsulphonephthalein output varied 
from 25 to 54 per cent. in two hours, the urea nitrogen of the blood on 
one occasion, the fourth day, reached 26 mg. to 100 c.c., while during 
the remainder of the experiment the amount varied between 11 and 
Pus cells continued to be present in the urine, which was 


14 mg. 


\Np Urtne Berore AND AFTER OPERATION 


Dog 4 


Urine 


Amount | Reac Total Urea Urea Creat- | creat- NH NHs 
in Specific | tion to N, N, ° inin N, | inin N, N, N, Albu- Sedi- 
4 Hrs. (Gravity) Litmus Gm. Gm. oper Cent. Gm. | per Gm. per min ment 
| Cent Cent. 


3.3 


increased in amount and of a low specific gravity. The animal was { 

sacrificed at the end of three weeks because of an accidental perfora- 

tion during catheterization. The necropsy findings were similar to 

those of Dog 2 and Dog 3, except that throughout the entire paren- 

chyma of the right kidney there was a profuse purulent infiltration. 

Gross specimen is shown in Figure 1. 
From these experiments it would seem that a low grade ureteral 

obstruction may give rise to early mild functional disturbances. The 

stages in the transition from this early mild reaction to a chronic type 7 

of lesion are outlined in the following protocol: 


Doc 9.—Small, long-haired fox terrier, weighing 6.1 kg. Operation Nov. 
20, 1915. Bands were placed about both ureters below the lower poles of the 
kidneys. Recovery was excellent. 

Nov. 22-27, 1915. The functional changes were similar to those observed 
in Dog 16. Urea nitrogen in the blood reached 32 mg., the phenolsulphone- 
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phthalein excretion was as low as 30 per cent. in one hour after intravenous 
administration; the urine’ volume was increased to 250 to 280 c.c. and was of 
a low specific gravity (1.020). A trace of albumin was present and isolated 
leukocytes, but no casts. 

Nov. 29, 1915. Phenolsulphonephthalein excretion and urea nitrogen of the 
blood were normal. From the thirteenth to the twentieth day the dog suf- 
fered from a mild attack of distemper without any apparent effect on renal 
function. 

Dec. 15, 1915. Weight 6 kg. Blood urea nitrogen, 12 mg. per 100 c.c. 
Phenolsulphonephthalein 50 per cent. in one hour. The general condition of 
the dog was excellent. During the next three weeks no studies as to function 
were carried out because of the splendid condition of the animal. 

Jan. 6, 1916. Forty-eighth day: urea nitrogen of the blood, 11 mg. Phenol- 
sulphonephthalein, 7 per cent. 

Jan. 21, 1916. Since January 6 the phenolsulphonephthalein output has been 
extremely low, 3 to 7 per cent. in one hour, but associated with a normal 
urea nitrogen content of the blood. The dog appears to be in good health. 


TABLE 4.—Data or Experiment on Dog 2 
Dog 2. Weight 8.3 Kg. 


Intake Blood Urine 
U Phthal- 


Urea N, 
Date Day Oondition Meat, Water, Mg.to Amount, Specific Reac-| Albu- Sedi- ein, 
Gm. Cc. WOCe. Cc. Gravity tion | min ment 2 Hrs. 


1 
10/% 4 
10/26 
w/a 
w/e 7 
10/22 


200 
230 
162 
316 


* One hour intramuscularly. 


April 12, 1916. Since January 21 the dog has been in excellent general 
condition. The urea nitrogen of the blood varied from 11 to 28 mg. per 100 
c.c.;-the creatinin nitrogen of the blood remained stationary at 0.50 mg. per 
100 c.c. while the phenolsulphonephthalein excretion ranged from 5 to 28 per 
cent. in one hour. On four occasions during this period the animal’s intake 
was limited to a daily subcutaneous injection of 200 c.c. of a 1 per cent. 
sodium chlorid solution, the experiment extending over three to four days. 
With this intake the urine volume was large, 200 to 250 c.c.; the specific 
gravity remained rather low, 1.018 to 1.027, and the total output of urea 
nitrogen was remarkably constant in amount from day to day, amounting to 
1 to 1.5 gm. A small quantity of albumin and pus cells were constantly present. 

April 13, 1916. The rubber bands were removed from both ureters through 
dorsal lumbar incisions to ascertain the effect on renal function. 

April 14, 1916. The dog recovered well from the operation. Nothing was 
given by mouth in the last twenty-two hours; 200 c.c. of 1 per cent. sodium 
chlorid were injected subcutaneously. The output of urine was 100 c.c.; phenol- 
sulphonephthalein, 12 per cent. in one hour; total nonprotein nitrogen of blood, 
36 mg., a similar amount to that obtained just before operation. 

April 22, 1916. The general condition of the dog was excellent. Nothing 
was given by mouth for the previous three days. Two hundred c.c. 1 per 
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cent. sodium chlorid solution were given subcutaneously daily. The urine out- 
put was 190 to 200 c.c.; specific gravity 1.017 to 1.020; and the total nitrogen 
0.95 to 1.53 gm. Phenolsulphonephthalein, 28 per cent. Blood: total nonpro- 
tein nitrogen, 32 to 34 mg., preformed creatinin nitrogen,, 0.51 mg.; creatin 
nitrogen, 2.4 mg. The arterial blood pressure, taken directly in the femoral 
artery, at 11:45 a. m. was 125 mm. Hg; 12 noon, 150 mm. Hg. The dog was 
sacrificed with ether for anatomic study. Figure 2 shows the gross anatomic 
picture. 


In this experiment, extending over a period of several months, the 
essential facts can be summarized as follows: After early functional 
changes in the first ten days, normal function was present at the end of 
one month. From that date until the conclusion of the experiment 
renal function was impaired—the amount of insufficiency varying from 


= 


Fig. 1—Kidneys of Dog 16, showing effect of low grade ureteral obstruction. 


time to time — yet the general health of the dog remained constantly 
good. Numerous observations showed normal concentrations of blood 
urea associated with extremely low phenolsulphonephthalein elimina- 
tion. 

In the four previous experiments the early renal changes resulting 
from partial ureteral obstruction were emphasized. Experiments on 
three additional animals clearly indicate that early functional distur- 
bances may be practically absent and yet damage to the kidney occur. 
In Dog 8 (Table 5) a trace of albumin was the only evidence of renal 
involvement, and yet marked insufficiency subsequently developed. 
Disturbed function was not suspected until the fifty-fifth day, when 
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the dog for the first time refused to take food. The phenolsul- 
phonephthalein excretion was then only 3 per cent. in one hour, and 
the urea nitrogen of the blood 66 mg. per 100 c.c. Subsequent studies 
showed no signs of improvement and the animal was found dead ten 
days later. Necropsy revealed two large sac-like kidneys, the right 
much larger than the left (Fig. 3). Histologically, the chief findings 
were diffuse connective tissue infiltration, degeneration of the tubular 
epithelium and the absence in either kidney of any acute inflammatory 
reaction. 

The clinical course of Dog 10 was similar to that in the foregoing 
experiment. In both animals the urea nitrogen in the blood was well 
within the normal limits on the sixth day, but in Dog 8, 62 per cent. 


Fig. 2.—Kidneys of Dog 9. Kidney function impaired by prolonged partial 
ureteral obstruction. 


phenolsulphonephthalein was excreted in one hour, while only 32 per 
cent. was passed by Dog 10 in two hours. Both animals subsequently 
presented symptoms of marked renal insufficiency at approximately the 
same time, the forty-ninth to fifty-fifth day, and from that time on the 
phenolsulphonephthalein output was almost negligible. Another experi- 
ment yielded similar results (Dog 1). It is also worthy of note that 
the pathologic findings were similar in all three animals of this series, 
Dogs 1, 8 and 10. 

The nitrogen metabolism was studied with special reference to the 
creatinin and creatin of the blood and urine during the acute terminal 
period in Dog 10, which is characteristic of the animals of this group. 
(Table 6. Gross specimens are shown in Figure 4.) 
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TABLE 5.—Data or ExpertMENt oN Doc 8 
Dog 8. Weight 7.2 Kg. 


Blood Urine 


Intake Urea N., -— - 
Date Day Condition’ Water, Mg.in Amount, Specific Albu- Sedi- Phthal- 
100 C.c. C.c. Gravity min ment (ein, 1 Hr. 


11/13 1 Oper 300 ll Neg Neg 77 
11/16 4 Good 300 22 
11/17 5 Good 300 16 1.036 Ff. Tr Neg 
11/18 6 Good 300 183 62 
11/23 ll Good 300 16 
1916 
1/ 6 55 Sick 500 66 oes os F. Tr. Hyaline 3 
and gran. 
casts; 
pus cells 
1/8 57 Sick 300 48 . 3 
1/12 61 Sick 300 140 1.018 Pius Hyaline 
and gran. 
casts; 


pus cells 


No food was given on days tabulated. 


In Table 6, covering a period of nine days, the most noticeable fact 
is the remarkably constant output of total nitrogen in the urine, in 
spite of the fact that the urea nitrogen in the blood gradually rose 
from 103 to 167 mg. Similarly, the creatinin and creatin excretion 
during this period remained constant while the content of these sub- 
stances in the blood gradually increased, creatinin nitrogen from 1 to 
2.6 mg., creatin nitrogen from 3 to 5.9 mg. These results indicate the 
difficulties in attempting to demonstrate nitrogen retention in the body 
simply from quantitative estimations of the intake by mouth and out- 
put in the urine, and to emphasize the importance of blood studies in 
detecting renal insufficiency. It will be noted in this experiment as in 
Dog 4, that the urea nitrogen in the blood is a much higher figure in 
comparison to the normal than the creatinin nitrogen figure. On 
June 2, the urea nitrogen was five times greater than the upper limit of 
the values found in normal controls, while the creatinin nitrogen was 
about double that of the controls. This fact has been pointed out in 
clinical cases of severe nephritis by Folin and Denis** and Myers and 
Lough.** Observations of the hydrogen-ion concentration in the blood 
were made on two occasions during this terminal period in Dog 10. 


14. Folin, Otto, and Denis, W.: On the Creatinin and Creatin Content of the 
Blood, Jour. Biol. Chem., 1914, 17, 487. 

15. Myers, Victor C., and Lough, Walter G.: The Creatinin of the Blood in 
Nephritis. Its Diagnostic Value. THe Arcuives Int. Mep., 1915, 16, 536. 
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. 3—Kidneys of Dog 8. Severe damage to the kidney from prolonged 
ureteral obstruction. 


TABLE 6—Data or Expertment on Doc 10 
Dog 10. Weight 9.58 Kg. 


Blood Urine 


Total Non- Urea Creatinin Creatin Total Creatinin  Creatin 
protein N, N, N, N, Nit N N, 
Mg. Mg. Mg. Mg. . Gm. Gm. 


1.0 
1.0 
18 


* Fifty-fourth day after operation. 
+ During the experiment the daily intake of water was 300 c.c. No food was taken. 
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6/ 4 be 108 ose Lu 0.057 
6/ eve 113 138 5.2 1.60 0.063 0.035 
6/ 6 115 wie 1.60 
6/7 ose 147 ove ove 184 
6/ 9 ove 136 2.7 ose 1.66 0.052 
6/10 eee 148 2.6 5.9 2.06 0.059 0.083 
6/11 aaa 167 24 48 1.17 
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That found on June 6 was normal, but the value for blood serum, Px 
7.2, recorded on June 3 (fifty-fifth day), was definitely more acid than 
normal. This finding corresponds with the hydrogen-ion concentration 
sometimes present in severe clinical cases of chronic nephritis.* 

In the experiments just outlined, little evidence of renal insufficiency 
was observed until the sudden onset of the acute terminal condition. 
In order to follow more closely the development of the progressive 
renal lesion occasional studies were made on another animal over a 
period of five months. Striking variations in function were observed. 


Dog 12.—Female, brown striped mongrel terrier, weighing 8.2 kg. 
Dec. 2, 1914. Routine operation; bands were placed about both ureters. 


Fig. 4—Kidneys of Dog 10. Severe damage to the kidney from prolonged 
partial ureteral obstruction. 


Dec. 9, 1914. The general condition has been good since the operation. The 
animal takes food well. Phenolsulphonephthalein excretion, 40 per cent. in two 
hours. Urea nitrogen in the blood, 16 mg. 

Dec. 16, 1914. Phenolsulphonephthalein, 22 per cent. in two hours. Urea 
nitrogen of ‘the blood, 47 mg. Thus, on the thirteenth day after operation, 
renal function is definitely impaired. The urine shows traces of albumin and 
clumps of pus cells. 

Dec. 17, 1914. Phenolsulphonephthalein, 30 per cent. Total nonprotein 
nitrogen of the blood, 50 mg. Urea nitrogen, 19 mg. Function has improved 
definitely in twenty-four hours. 

Dec. 21, 1914. The dog has signs of mild distemper but in spite of this fact 
renal excretion is remarkably good. Phenolsulphonephthalein, 53 per cent. Urea 
nitrogen of the blood, 41 mg. A twenty-four-hour specimen of urine yielded 
185 c.c.; specific gravity, 1.030. 
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Jan. 4, 1915. Signs of distemper have disappeared; the general condition is 
excellent. Total nonprotein nitrogen of the blood, 30 mg.; urea nitrogen, 23 mg. 
Hydrogen-ion concentration of the blood plasma (Px) 7.6, normal figure. 
Phenolsulphonephthalein excretion, 28 per cent. 

Jan. 18, 1915. Fiftieth day since operation. The dog appears healthy and 
aside from urinary findings and functional studies would be considered normal. 
Weight is 85 kg. Phenolsulphonephthalein, 35 per cent. Total nonprotein 
nitrogen in the blood, 47 mg. Urea nitrogen, 21 mg. 

Feb. 6, 1915. Sixty-seventh day. Phenolsulphonephthalein, 27 per cent. Total 
nonprotein nitrogen in the blood, 36 mg.; urea nitrogen, 19 mg. General con- 
dition is unchanged. 

Feb. 9, 1915. Seventieth day. Blood pressure, determined directly in the 
femoral artery; at 3:30 p. m., 150 mm. Hg, and at 4:00 p. m., 155 mm. Hg. 

March 13, 1915. One hundred and second day. The general condition is 
excellent. Urea nitrogen in the blood, 35 mg. Phenolsulphonephthalein, 10 per 
cent. Volume of urine, 300 c.c. 

April 10, 1915. One hundred and thirtieth day. Weight, 8.6 kg. Urea 
nitrogen of the blood, 18 mg. Phenolsulphonephthalein, 33 per cent. 

May 7, 1915. One hundred and fifty-seventh day. Weight, 68 kg. The dog 
for the last few days seems sick, refused food and occasionally vomited. No 
muscular twitchings or convulsions were observed. The total nonprotein nitro- 
gen in the blood was 84 mg.; urea nitrogen, 55 mg.; phenolsulphonephthalein, 
4 per cent. in two hours. 

May 16, 1915. One hundred and sixty-sixth day since operation. The dog 
was found dead. 

Necropsy—No abnormalities are apparent except in the urinary tract. For 
gross appearance of the kidneys see Figure 5. Both ureters are markedly 
dilated above the bands, the right more so than the left, with very thin sac-like 
walls. Both lumina are pervious to fluid under pressure. The left kidney is 
slightly larger than normal and on section the pelvis is moderately dilated, but 
the cortex and medulla can be distinctly differentiated. The right kidney is 
small and atrophied, the dilated pelvis being large in proportion to the kidney 
substance. Histologically the right kidney is composed almost entirely of scar 
tissue, while the left, aside from moderate scar tissue infiltration, shows definite 
changes in the tubular epithelium. There is no outspoken acute inflammatory 


infiltration in either organ. 

The experiment with this animal is of interest for a number of 
reasons: (1) the length of life — over five months from the onset of 
renal insufficiency; (2) the apparent good health during this period ; 
(3) the constant excretion of a large amount of urine of low specific 
gravity, containing pus cells; (4) the marked fluctuation in function 
as shown by the phenolsulphonephthalein excretion and nitrogen con- 
tent of the blood; (5) the rapid terminal process, accompanied by 
symptoms and functional changes indicating a severe nephritis. The 
phenolsulphonephthalein excretion during the first four months was 
between 20 per cent. and 62 per cent. in two hours (intramuscular 
injection), the average output for fifteen determinations being 33 per 
cent. The total nonprotein nitrogen of the blood during the same 
period varied from 30 to 61 mg. The highest figure, 61 mg., is only a 
‘moderate rise above the upper limits of normal. The average of twelve 
estimations was 45 mg. On the other hand, the urea nitrogen of the 
blood showed more marked fluctuation; nineteen estimations were 


| 
| 


EXPERIMENTAL HYDRONEPHROSIS 869 


made in all, the values varying from 10 to 47 mg., the average being 
26 mg. This latter value is distinctly above that found under similar 
dietary conditions in the control dogs. 

The termination of this chronic type of renal lesion is characteristic, 
in that kidney function as a whole rather suddenly collapses, serious 
symptoms develop and death ensues. A similar terminal condition 
occurred after a much shorter period in animals with only one kidney 
and that subjected to back pressure, as pointed out by Keith and 
Snowden." 


THE EFFECT OF REMOVAL OF URETERAL OBSTRUCTION 
ON THE KIDNEY 


The preceding experiments on eleven animals demonstrated that 
partial ureteral obstruction always produced anatomic changes in the 
ureter, renal pelvis and kidney parenchyma, associated with more or 
less impairment of renal function. The removal of the bands, there- 
fore, offers a method for the study of a renal lesion following the 
withdrawal of the original etiologic factor. The experimental plan 
adopted was as follows: The animal was operated on in the usual way, 
the bands being put in place through an abdominal incision. Functional 
studies were then carried out daily, and when the phenolsulphone- 
phthalein output and urea nitrogen content of the blood indicated renal 


impairment a second operation was performed. At this time dorso- 
lumbar incisions were made in the region of both kidneys, the ureters 
approached extraperitoneally and the bands removed. At the end of 
the next twenty-four hours the urine was collected and functional 
studies carried on as in the previous experiments. The period of 


starvation was usually continued for the next week so that the experi- 
mental conditions begun before the production of the original lesion 
were kept constant. The dogs were then allowed food and within a 
short time always appeared in good general condition. Five of these 
animals were observed for periods varying from twenty-two to 120 days 
after removal of the bands. The following protocol of the first experi- 
ment is given in detail: 


Dog 14.—A brown and white mongrel terrier, weight 14.7 kg. 

March 13, 1915. An abdominal operation was performed, with good recovery. 

March 17, 1915. The dog appears rather listless for the first time. The urine 
contains a trace of albumin and a few isolated white blood corpuscles. Phenol- ; 
sulphonephthalein excretion, 40 per cent. Urea nitrogen in the blood, 15 mg. 

March 19, 1915. Phenolsulphonephthalein, 32 per cent. Total nonprotein 
nitrogen in the blood, 57 mg.; urea nitrogen, 33 mg. 

March 20, 1915. Seventh day since operation. Total nonprotein nitrogen in 
the blood, 75 mg.; urea nitrogen, 53 mg. Phenolsulphonephthalein output, 
11 per cent. 

Four p. m. Operation: Double dorsolumbar incision. The rubber bands 
were removed. The dog was catheterized at the time of operation. 
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March 21, 1915. Nine a.m. Seventeen-hour specimen of urine, 290 c.c., con- 
tained total nitrogen, 6.59 gm.; urea nitrogen, 5.10 gm. Total nonprotein nitro- 
gen of blood, 42 mg.; urea nitrogen, 10 mg. The amount of urea excreted in 
the urine, 10.30 gm., corresponds closely to the theoretical amount, 11.10 gm., 
lost from the organism according to the calculation of Marshall and Davis.” 
Phenolsulphonephthalein excretion, 40 per cent. 

March 22, 1915. The general condition is excellent. Blood: Total nonpro- 
tein nitrogen, 33 mg.; urea nitrogen 7 mg. Phenolsulphonephthalein excretion, 
68 per cent.; urine output, 365 c.c. on intake of 500 c.c. water. 

April 10, 1915. The dog has continued to improve in general condition. 
Function normai since March 22. Today left nephrectomy was performed— 
lumbodorsal incision. The kidney is normal in size. On section the ureter and 
pelvis are slightly dilated. Histologic section showed normal glomeruli, moderate 
granular degeneration of tubular epithelium, slight dilatation of tubules and 
vascular congestion just beneath the pelvic mucosa, and in one spot 1 mm. in 
diameter, polymorphonuclear infiltration. 


Fig. 5.—Kidneys of Dog 12. Severe damage to the kidney from prolonged 
partial ureteral obstruction. 


April 17, 1915. Phenolsulphonephthalein excretion, 43 per cent. in one hour 
(intramuscularly). Blood urea nitrogen, 22 mg. 

April 22, 1915. Water intake, 200 c.c. Urine output, 196 ¢.c. Specific gravity, 
1.037. The dog has recovered his ability to concentrate urine. 

June 11, 1915. Ejighty-fourth day since removal of bands. The general con- 
dition has been excellent since April 22. Yesterday urea nitrogen in blood, 
14 mg. Today phenolsulphonephthalein output, 71 per cent. The dog was 
sacrificed. 

Necropsy—The right kidney is normal in appearance except for a slight 
but obvious dilatation of the pelvis and also the ureter above the site of the 
band. 

Histology—There is no evidence of acute inflammatory infiltration. No 
increase in connective tissue. With the exception of slight tubular dilatation the 
parenchyma appears normal. 
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The foregoing experiment demonstrated conclusively that the kid- 
neys after being subjected to an increased intra-ureteral pressure for a 
period of seven days were able to excrete urea and phenolsulphone- 
phthalein in a normal manner within forty-eight hours after the 
removal of the obstruction (Fig. 6). 

The left kidney, removed three weeks after operation, beside show- 
ing pelvic and tubular dilatation, had definite tubular cell changes along 
with a mild infection of the pelvic mucosa. This latter finding is of 
interest, in that the right kidney, removed sixty-three days later, was 
entirely free from inflammatory changes and was practically normal in 
every respect. The natural conclusion would be that during the seven 
days of back pressure a mild pyelitis was set up, but on removal of the 
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Fig. 6—Dog 14. Curve showing recovery of function as indicated by blood 
and urine studies after the removal of the bands. The bands were removed on 
the seventh day. 


obstruction, free drainage, and return of normal renal function resulted 
in a complete recovery before the end of the experiment, eighty-four 
days following operation. 


In a second experiment (Dog 13) the bands were removed four days after 
their original insertion. The urea nitrogen of the blood was only slightly higher 
than normal, but the phenolsulphonephthalein excretion was markedly retarded. 
Following the removal of the obstruction both the urea content of the blood and 
phenolsulphonephthalein output were normal (within forty-eight hours, as in the 
case of Dog 14) and remained so until the dog was sacrificed seventy-seven days 
later (Table 7). The trace of albumin and the few pus cells found in the urine 
during the latter portion of this period were due to the presence of a low grade 
chronic pyelitis and cystitis. 

Pathology—Both kidneys appear normal. Ureters slightly larger above the 
site of the bands. On section the pelvic mucosa seems a little thickened and the 
pelvis itself is very slightly dilated. 
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Histology—tThere are scattered isolated areas of round and plasma cell 
infiltration just beneath the pelvic mucosa. These are less numerous in the left 
kidney; kidney parenchyma normal. 


Similar experiments were carried out on three additional animals, 
Nos. 11, 22, 23, the ureteral obstruction being removed on the third and 
| fourth days. Normal function was present within three or four days in 
all of the animals. Dog 22 was of interest in that on the day previous 
| to the removal of the obstruction, coincident with a fall of 30 to 25 mg. 


in the urea nitrogen content of the blood, there was an increase both 

in the volume of the urine, 135 to 200 c.c., and in the urea output, 2.92 
. to 4.56 gm., though the phenolsulphonephthalein excretion was only 
. 16 per cent. It would seem that the increased urea content of the 
blood was exerting a diuretic effect on the diseased kidney. With the 
| removal of the bands on the following day, both the phenolsulphone- 
phthalein output and the urea content of the blood were normal within 
forty-eight hours. 

Subsequent functional studies on these three animals were carried 
out over periods of from one to four months, and repeated tests demon- 
strated normal excretory ability. The findings at necropsy were similar 
to those of Dogs 14 and 13. 


TABLE 7.—Data From Doc 13 
Intake: Water, 300 O.c.; sodium chlorid, 3 Gm. daily. 


EXPERIMENT ON 


Dog 13. Weight 7.4 Kg. 


Urine 


| Day of Blood | 


Date Opera- Urea N, Amount, Reac- Urea N, | Phthal- Albu- Sedi- 
tion Mg. | Cc. tion Gn. ein,2Hr. min ment 
| 
w/b | 52 Neg. Neg. 
1/8 Acid 
1/10 1 
yu 2 55 Acid 
1/2 8 » 150 Acid 0.34 
1/18 4 38 70 Acid 0.43 Plus 
yu ad 31 150 Acid 1.08 8 Plus 
1/15 6 16 230 Acid 52 Plus 
1/16 7 15 145 Acid 1.21 56 Neg. 
1/17 Acid 1.06 Neg. 
1/20 n 10 oo 67 Plus Pus cells 
2/18 a 7 oe 61 Neg. | Neg. 
10 5B Pius | 
3/29 80 7 65 Neg. Pus cells 


(rare) 


* Removal of bands. 


4 
J 


873 


EXPERIMENTAL HYDRONEPHROSIS 


In the previous five animals the ureteral obstruction was removed 
within two to seven days after the production of the increased back 
pressure. Functional studies at the time of the second operation indi- 
cated renal lesion of essentially the early acute type. In all of these 
animals there was practically complete restoration of the normal renal 
condition within a few weeks’ time. The method of removing the 
ureteral obstruction having proved satisfactory in these experiments, 
further functional studies with sodium chlorid were attempted in view 
of the theoretical possibility that a mechanism is concerned in the excre- 
tion of this electrolyte different from that influencing the elimination of 
phenolsulphonephthalein and urea. The results of this work are to be 
published in a subsequent paper. 


DISCUSSION OF FUNCTIONAL RESULTS 


The study of renal conditions in these experiments clearly indicates 
their division into two distinct types, the acute and the chronic. In 
Group | and in the early stage of the experiments in which the ureteral 
obstruction was removed, the functional results are typically those of 
acute renal insufficiency. On the other hand, in Group 2, functional 
changes were much slower in development and varied greatly from 
time to time. During the terminal period certain excretory products 
were well eliminated almost until death. 

In the animals showing the acute type of renal impairment the 
excretion of phenolsulphonephthalein was soon not more than 10 per 
cent., while at the same time the urea nitrogen of the blood rose rapidly 
to 61 to 100 mg. per 100 c.c. There was an initial decrease in the out- 
put of urine which usually continued to diminish until anuria was 
present, though in two animals this initial diminution in the amount of 
urine was followed by a short period of polyuria, with a corresponding 
increase in the nitrogenous excretion. This anomalous condition of an 
increased excretion of nitrogenous material accompanying a high 
nitrogen content in the blood was noted by Keith and Snowden in 
experimental unilateral hydronephrosis’ and by Mosenthal™ in experi- 
mental uranium nephritis, and might be explained by the increased urea 
in the blood exerting a diuretic effect on the partially damaged kidney. 
It seems evident that the initial increase of urea in the blood is due to 
the inability of the kidney to excrete this substance at the normal 
threshold, and that after reaching a certain higher concentration in 
the blood and tissues urea may be eliminated freely for a short period. 


16. Marshall, E. K., and Davis, D. M.: Urea: Its Distribution In and 
Elimination From the Body, Jour. Biol. Chem., 1914, 18, 53. 

17. Mosenthal, H. O.: Nitrogen Metabolism and the Significance of the Non- 
protein Nitrogen of the Blood in Experimental Uranium Nephritis, THe 
Arcuives Int. Mep., 1914, 14, 844. 
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The very high nonprotein nitrogen content of the blood found in this 
type is chiefly due to the great increase in urea. 

In the chronic type of reaction, the functional picture before the 
terminal period was much more varied than in the acute group. The 
volume of urine was always increased and of a low specific gravity. 
The kidney appeared to be capable of separating the waste products of 
metabolism from the blood, but at a lower concentration. The output 
of phenolsulphonephthalein showed marked fluctuations, varying from 
10 per cent. to 60 per cent. in two hours, though the average in a num- 
ber of determinations was always moderately diminished. The total 
nitrogen of the blood was never markedly increased (61 mg. in one 
instance), but the urea nitrogen showed greater variations (from 10 to 
47 mg.) and reached a relatively higher figure. From these data it is 
evident that the kidneys subjected to a long-standing back pressure 
may present marked variations in functional capacity and yet a definite 
pathologic condition may be present. At one period the kidney may 
have the normal ability to excrete phenolsulphonephthalein and also 
nitrogen so that the amount of the latter in the blood is quite normal. 
At another time the kidneys may excrete a given substance normally 
while a second substance is retarded in the elimination, as was well 
shown on the nineteenth day in Dog 12 —a phenolsulphonephthalein 
excretion of 63 per cent. while the urea nitrogen in the blood was 
41 mg. The reverse conditions were present in Dog 11 on the sixty- 
eighth day, the phenolsulphonephthalein output being 28 per cent. and 
the urea nitrogen of the blood 11 mg. There are also times when both 
the urea in the blood and phenolsulphonephthalein excretion are abnor- 
mal; for example, Dog 11, one hundred and fifth day, phenolsul- 
phonephthalein 5 per cent., urea nitrogen 30 mg. These findings empha- 
size the fact that single determinations of renal* function with the 
methods used in this study may give an erroneous idea as to the under- 
lying chronic kidney lesion. 

Direct blood pressure estimations on two animals with chronic 
lesions — one in the fifth month — were 125 to 155 mm. of mercury. 
The latter figure has been obtained in normal animals so that in this 
type of renal lesion hypertension was not definitely present. 

During the short terminal period of renal insufficiency in this 
chronic group the functional results differed in many respects from the 
acute type characteristic of Group 1. Renal excretion as a whole was 
markedly affected, but in spite of a low output of phenolsulphone- 
phthalein and an accumulation of nitrogen in the blood, there was a 
definite polyuria lasting for several days. Gradually the nitrogen in 
the blood increased, though there was a moderate and remarkably 
constant daily excretion in the urine. This result would indicate that 
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the capacity of the kidney to eliminate nitrogenous substances from 
the blood was limited, and that when their production in the body 
increased above this amount the blood and tissue content must neces- 
sarily rise. Contrary to what was found in Group 1, there was little 
evidence that the increased urea in the blood was exerting a diuretic 
action on the diseased kidney. The finding of a definite increase in 
the creatin and creatinin content of the blood and a high blood 
hydrogen-ion concentration indicates a similarity of the functional 
changes in this experimental condition with those often found in 
clinical cases of terminal chronic nephritis. 

In five experiments, with removal of the ureteral obstruction, nor- 
mal renal function was rapidly restored. The ability of the kidney to 
recover after being subjected to increased intra-ureteral pressure 
depends on the degree and duration of back pressure. The roles 
played by these two factors are well indicated by two experiments. 
Dog 14 recovered complete renal function after an increased intra- 
ureteral pressure of seven days, while in the case of Dog 5, Group 1, 
removal of the obstruction on the fifth day did not prevent death three 
days later. Thus, it seems clear that in order to obtain complete recov- 
ery of function in this acute type of lesion, the obstruction must be 
relieved within a few days after the initial lesion has been produced, 
otherwise acute insufficiency rapidly ensues or a chronic lesion later 
develops. 

In order to determine this question of functional recovery, 
Kawasoye’* tied off one ureter in each of seven rabbits and then 
relieved the obstruction after varying periods of time. He found-com- 
plete restoration of functional ability, as shown by the excretion of 
indigocarmin, took place after four days, incomplete restoration after 
seven to fourteen days and after twenty-one days no dye at all was 
secreted. Barney’ reports a clinical case in which both ureters were 
ligated accidentally at operation. The left ureter was freed in forty- 
eight hours and the right on the sixth day. The patient made a good 
recovery and the urine was negative for albumin and casts. These 
results are in harmony with the findings in the present experiments. 
They also suggested the removal of the partial obstruction at a later 
period of the kidney lesion. This experiment was carried out on 
Dog 9 on the one hundred and forty-third day after the placing of the 
obstruction. No marked change in the renal condition resulted within 
the next week with the exception of a rather low output of urine for 
two days subsequent to the removal of the bands. The phenolsul- 


18. Kawasoye, M.: Experimentelle Studien zum kunstlichen Ureterverschluss. 
Ztschr. f. Gynak. Urol., 1911-1912, 3, 172. 

19. Barney, J. D.: The Effects of Ureteral Ligation, Experimental and 
Clinical, Surg., Gynec. and Obst., 1912, 15, 290. 
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phonephthalein excretion and nitrogen values in the blood and urine 
were influenced little or not at all by the operation. Anatomically, 
there was no apparent decrease in the ureteral or pelvic dilatation 
(Fig. 2). This single experiment at least indicates that after long 
continued back pressure associated with pelvic infection, removal of 
the obstruction produces little immediate functional improvement. 


DISCUSSION OF PATHOLOGIC RESULTS 


The pathologic picture resulting from partial obstruction of the 
ureter was demonstrated by Scott*® to be similar to that of hydro- 
nephrosis following complete ureteral ligation. The chief factors 
determining the character of the lesions were the degree and duration 
of the back pressure. Both Scott? and Kawasoye™ pointed out the 
slower development of these renal changes when the ureter was only 
partially occluded. Their findings were confirmed at necropsy in the 
sixteen animals subjected to functional studies in these experiments. 
The extent of the back pressure was not determined by manometer 
readings in this study because early in the work accurate pressure 
estimations were found to be unsatisfactory. The pressure was roughly 
gaged by the degree of ureteral dilatation and appearance of the 
ureteral wall above the site of the obstruction. With large thin-walled 
ureters chronic renal lesions were always present, while the acute pro- 
cesses were accompanied by a ureter dilated but comparatively thick 
walled. 

The changes found in the kidney may be classed as acute and 
chronic. The acute process, occurring during the first week, was char- 
acterized in the gross by a kidney normal or increased in size, engorged 
capsular veins, a dilated pelvis and ureter. Renal congestion was also, 
as a rule, present. On histologic examination the tubules were dilated, 
the extent of dilatation varying within wide limits, and the lumina 
often contained granular material. The epithelial cells were usually 
granular in appearance, with well preserved nuclei, though occasionally 
the cells were flattened and cuboidal in shape. The glomeruli appeared 
quite normal. Connective tissue infiltration was present in only one 
instance during the first week. The tissues beneath the pelvic mucosa 
were, as a rule, congested and in two animals sacrificed within two or 
three days of the initial obstruction, definite polymorphonuclear infiltra- 
tion was present. Kawasoye™ reports the presence of leukocytes in the 
pelvic urine two days after ureteral ligation. 

The anatomic findings in the kidneys of animals in which the 
rubber bands had been removed during the acute lesion were of inter- 


20. Scott, G. D.: Experimental Hydronephrosis, Surg., Gynec. and Obst., 1912, 
15, 296. 
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est. These were examined from five weeks to several months after 
the removal of the obstruction. The renal parenchyma in all was prac- 
tically normal, though in the pelvis in three instances there was evi- 
dence of an old inflammatory process. This pelvic lesion, with the 
back pressure removed, apparently had little effect on the parenchyma 
cells, as these were normal in appearance and capable of carrying on 
normal function. 

Kidneys subjected to a prolonged high intra-ureteral pressure 
showed interesting chronic changes. In the gross the two kidneys 
were always unequal in size, one much larger than normal, while the 
opposite organ was often small and atrophied. The capsular veins 
were always prominent, the ureter and pelvis dilated, the latter fre- 
quently forming a cyst-like cavity with a cortex reduced to a thin band 
of connective tissue. Microscopically, the connective tissue infiltra- 
tion was the most striking pathologic process even at the end of three 
weeks. The glomeruli were as a rule shrunken and Bowman’s capsule 
invariably thickened. The tubular epithelium usually showed granular 
degeneration, sometimes the nuclei were pyknotic and the cell boun- 
daries could not be differentiated. The lumina frequently contained 
granular debris and casts. In other kidneys the tubular epithelium 
was compressed and quite flat in appearance. Some kidneys were 
remarkably free from any acute inflammation, while in others the 
medulla showed a zone of infiltration bordering on a pelvic cavity 
containing a mass of necrotic inflammatory material. 

The rdéle played by infection in the kidneys subjected to increased 
ureteral pressure is often difficult of interpretation. In the acute stage 
early acute inflammatory processes were observed in the pelvic mucosa 
within forty-eight hours of the initial obstruction, and in one experi- 
ment (Dog 25) in seventy-two hours the whole renal parenchyma was 
infiltrated with polymorphonuclear leukocytes. 

The fact that early removal of the obstruction allowed quick resto- 
ration of the parenchyma cells in spite of the continued presence of 
pelvic infection, indicates that the pressure factor is of primary impor- 
tance in the acute process. In the experiments in which hydro- 
nephrotic sacs finally developed, the part played by infection is some- 
what harder of interpretation. With a mild pelvic infection from the 
onset, as previously described in the acute stage, there is the possibility 
of its further invading the kidney tissue with the subsequent forma- 
tion of connective tissue. The histologic studies of Scott,?° Amos** 
and Bradford*®* in experimental hydronephrosis would indicate that 


21. Amos, B. S.: On the Effect of Ligation of One Ureter, Jour. Path. and 
Bact., 1915, 10, 265. 

22. Bradford, J. Rose: Observations Made on Dogs to Determine Whether 
Obstruction of the Ureter Would Cause Atrophy of the Kidney, Brit. Med. Jour., 
1897, 2, 1720. 
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the connective tissue sac could be formed without any, or with little, 
associated infectious process. Then again, bacteriologic examination 
has revealed hydronephrotic sacs containing sterile fluid.” Thus the 
results of previous investigators and the present experiments offer 
conclusive evidence that the increased back pressure is mainly respon- 
sible for the marked renal connective tissue infiltration, and that the 
secondary infectious process plays a minor though definite rdle. 


SUMMARY 


Bilateral, partial ureteral obstruction in dogs produced changes in 
renal function and structure. 

The severity of the renal lesion primarily depended on the amount 
of pressure exerted by the elastic band on the ureteral wall. With a 
high pressure functional and pathologic results were similar to those 
following high ureteral ligation, though the obstruction was incomplete. 
Slight or moderate pressure slowly produced a chronic lesion. 

In the acute lesion due to high intra-ureteral pressure, the kidneys 
ceased to carry on their function within a few days and the death of 
the animal quickly followed. 

Evidence of impaired renal function resulting from a moderately 
increased intra-ureteral pressure was not always found during the 
early stages, but as the lesion progressed, decreased function was 
invariably present. Diminished function, as shown by the phenolsul- 
phonephthalein excretion and urea content of the blood, was not incom- 
patible with the general good health of the animal for a period as long 
as five months. During the subsequent acute terminal stage, there was 
marked renal insufficiency as indicated by a low phenolsulphone- 
phthalein excretion, increased urea and creatinin content and increased 
hydrogen-ion concentration of the blood. 

Rapid restoration of normal renal function took place when the 
ureteral obstruction was removed within a week. Removal of the 
obstruction in one experiment after a chronic lesion had developed, 
produced little immediate functional improvement. 

The progress and extent of the pathologic lesion in the kidney 
depended on the amount and duration of the intra-ureteral pressure, 
and, in a lesser degree, on the invariable secondary pelvic infection. 
These factors resulted in anatomic changes ranging from slight dila- 
tation of ureter and pelvis to hydronephrotic sac formation. Histologic 
examination as early as the second day after the initial obstruction 
revealed congestion and granular degenerative processes. Beginning 
with the seventh day, these changes were accompanied by connective 
tissue infiltration which gradually increased until eventually the kidney 
parenchyma was replaced by a connective tissue sac. 


The authors wish to express their appreciation and thanks to Dr. D. M. Davis 
for the histologic notes in this study. 


N. M. KEITH—D. S. PULFORD, JR. ARCH. 


4 
‘ 
. 


THE NONPROTEIN CONSTITUENTS OF 
EDEMA FLUIDS * 


W. DENIS, Pu.D. 
WITH THE ASSISTANCE OF 


A. S. MINOT, A.B. 
BOSTON 


Although many investigations have been published regarding the 
proteins of edema fluids, the available data regarding their nonprotcin 
constituents are exceedingly meager. In the standard and frequently 
copied analyses to be found in most textbooks these bodies are almost 
universally grouped together under the vague title of “extractives,” 
and are to be found recorded under this general heading, together with 
the more elaborate analyses of the protein and inorganic constituents. 
By means of the micromethods which have come into general use 
during the past five years we now know, in a general way at least, the 
level at which the more common nonnitrogenous bodies are maintained 
in the blood in health and in disease. Investigations by modern 
methods along this line have, however, been extended in only a few 
instances’ to body fluids other than blood. 

In view of this lack of available data it has seemed worth while to 
publish the results obtained by the analysis of a small number of edema 
fluids in which we have made determinations of most of the ordinary 
nonprotein bodies occurring in such material. 

In Table 1 are presented the results obtained on a series of fluids 
(pleuritic, ascitic and hydrocele) which were selected from the avail- 
able material because they illustrate the chemical variations ordinarily 


to be met with in unselected clinical material. 

The methods of analysis used were as follows: 

Total Solids—Ten c.c. of the fluid was dried to constant weight in a platinum 
dish placed in an air bath kept at a temperature of 100 c.c. 

Total Protein—By calculations from the total nitrogen, which was deter- 
mined by the Kjeldahl-Gunning method. 

Nonprotein Nitrogen and Urea—By the direct nesslerization methods of 
Folin and Denis.’ 

Uric Acid —By the method of Folin and Denis as modified by Myers and 
Fine.’ 


*Submitted for publication July 3, 1917. 

*From the Chemical Laboratory of the Massachusetts General Hospital. 

1. Fine, M. S., and Myers, V. C.: Proc. Soc. for Exper. Biol. and Med., 
1916, 18, 126. Kahn and Neal: ibid., 1916, 14, 26. 

2. Folin, O., and Denis, W.: Jour. Biol. Chem., 1916, 26, 473. 

3. Myers. V. C., and Fine, M. S.: The Significance of the Uric Acid, Urea 
and Creatinin of the Blood in Nephritis, Tae Arcuives Int. Mep., 1916, 17, 570. 


‘ 

MED 1917 

| 


W. DENIS—A. S. MINOT ARCH. \\7 


TABLE 1.—Resutts or ANALYSIS oF 


Mg. per 100 Fin iq 
Speciie 
Gravity Total Nonprotein 

Protein Nitrogen 


Chest fluid; cardiac 

Pleuritic fluid; pleurisy 

Ascitic fluid; tuberculous peritonitis 
Ascitie fluid; cirrhosis of liver 
Ascitie fluid; cirrhosis of liver 
Ascitis fluid; cirrhosis of liver 

Same patient as No. 17, 5 days later 
Ascitie fluid; portal obstruction.............. 
Same patient as No. 27, 6 days later 
Hydrocele fluid 

Same patient as 31 H, 24 hours later 
Hydrocele fluid 

Hydrocele fluid 

Hydrocele fluid 

Hydrocele fluid 


TABLE 2.—Resutts or ANALYsiIs or Ascitic 


Date 


Mg. per 100 O.c. Fluid 


Volume, C.e. 8p. Gr. Total Sonproteip Urea 
Protein Nitrogen Nitrogen | Urie Acid Creatinin 


1,781 
2,156 
1,269 
1,231 


880 

4 

| 1.016 1,950 25 

12 1.082 3,981 30 

3 1.040 8,375 38 

9 1.012 m2 33 

6 1.008 916 28 

17 1.015 1,906 87 

18 1.013 1,412 41 

27 1.017 1,966 25 

23 1,750 17 

2H 1.022 3,687 43 

1.019 3,681 39 

1.025 6.431 30 

4H 237 3 

11/15 8.000 1.014 26 0.5 

4 1/17 5,000 1.016 38 19 ote 0.7 
11/27 10,000 1.012 7 0 1.8 

; 12/ 5 5,000 1.012 29 10 46 05 

12/11 3.500 L012 1,250 29 18 8.2 06 

on 12/18 8,700 1.011 1,125 29 8 1.6 09 

12/9# 8,280 1.011 1,119 7 15 

4 Ve 3,620 1.011 962 29 10 18 si 

1/10 8.280 1.011 1,119 | 17 9 18 

8,300 1.400 23 10 

2.500 1.012 1,400 12 21 

1.970 1.018 | 27 12 
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ins FOR NONPROTEIN Bopies 


Mg. per 100 C.c. Fluid 


Creatin + Total Sodium 


rea t 
Nitrogen Uric Acid Creatinin Creatin Total Fat Cholesterol Sugar Chiorid 


—FROM A PATIENT WITH CIRRHOSIS OF THE LIVER 


Mg. per 100 ©.c. Fluid 


Total | Total Sodium 
Fat Cholestero] Sugar Chlorid 


Ward diet 
Ward diet 
Ward diet 


High protein diet with much meat started November 
30: average urinary nitrogen per day 9.0 gm.; 
average urie acid excretion 0.48 gm.: blood non- 
protein nitrogen 37 mg. 

High protein diet with meat continued; average 
urinary nitrogen per day 9.4 gm.; average uric 
acid excretion 0.44 gm.; blood nonprotein nitrogen 
38 mng.; urea 19 mg.; uric acid 3.5 mg.; cholesterol 
205 meg. 

Low protein diet started Dectmber 11: average uri- 
nary nitrogen 4 gm.; average uric acid excre- 
tion 0.27 gm. 

Low protein diet continued; average urinary nitro- 
ger 3.6 gm.: average uric acid excretion 0.25 gm.: 
blood nonprotein nitrogen 180 mg.; uric acid 
1.8 mg.; cholesterol] 195 mg. 

Returned to former high protein diet with meat 
December 25; nonprotein nitrogen of blood 38 mg. 

Ward diet 

January 18 started high cholesterol diet; 14 egg 
yolks and 6 gm. cholesterol per day 

Ward diet 


Ward diet 


T. y MBI 881 
D 
ul = 3.0 10 | 256 43 95 650 
6.6 12 330 115 110 
13 eve 6.0 872 77 86 
1.2 2.0 0.6 160 112 640 
2.0 ese 190 40 145 500 
18 ad 176 38 140 
ll 1.9 3.4 0.62 256 72 100 720 
9 18 2.4 0.42 408 55 134 800 . 
5.6 6.6 416 57 95 600 
22 1.1 9.6 1.6 148 40 a) 680 | 
8.0 4.5 11 236 28 700 
8.9 1.9 362 81 640 
14 | 
Creatin 
2.19 258 31 
124 18 120 
1.60 146 13 130 680 A 
1.25 146 12 700 | 
| 
1% 120 24 130 700 
e 
| 
112 30 130 7 
115 4 130 740 | 
117 29 130 720 | 
112 “4 120 740 
168 20 130 760 
176 2 . 130 760 | 
& 
“a 
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Creatin and Creatinin—By Folin’s methods.‘ 


S. MINOT 


Total Fat and Cholesterol—By Bloor’s’ micromethods. 
Sugar—By the method of Lewis and Benedict,’ as modified by Myers and 


Bailey.’ 


ARCH 


Sodium Chlorid—By the Volhard method, after sini the proteins 
by means of magnesium sulphate and acetic acid. 


It was not possible to obtain blood from the patients the results of 


whose fluids are given in Table 1. 


Below are presented the data 


obtained on a few cases of ascites, pleurisy and hydrothorax in which 
bloods taken at the time of parasynthesis were examined by the same 


method used in the analysis of the fluid. 


Ascitic Fluid 1—Man, aged 60 years. 


Peritonitis (tubercular). Volume 


of fluid obtained, 3,800 c.c.; a clear, straw colored liquid, specific gravity 1.020. 


Determination 
Nonprotein nitrogen.......... 


Total cholesterol............. 
SoGiam 


Last tap eleven days previously; volume 
gravity 1.012. 
Determination 
Nonprotein nitrogen.......... 


ces 
Total cholesterol. 


Jour. Biol. Chem., 


Ascitic Fluid 2—Man, aged 56 years. 


1914, 17, 475. 


7Mg. Per 100 


Fluid Blood 
6,740.0 
4,919.0 
31.0 30.0 
15.0 12.0 
28 


Cirrhosis of the liver; alcoholism. 
of fluid obtained, 6,300 c.c. Specific 


Per 100 C.c.> 


Fluid Blood 
2,315.0 

1,693.0 
56.0 52.0 
28.0 26.0 
38 3.6 

1.0 13 

3.3 92 
155.0 90.0 
79.0 866.0 
25.0 276.0 


800.0 


5. Bloor, W. R.: Jour. Biol. Chem., 1914, 17, 377; 1916, 24, 227. 


6. Lewis, R. C., and Benedict, S. R.: 


7. Myers, V. C., and Bailey, C. V.: Jour. Biol. Chem., 1916, 24, 147. 


Jour. Biol. Chem., 1915, 20, 61. 


07 
Creatin + creatinin.......... 48 7.7 
7 408.0 560.0 
89.0 208.0 
720.0 
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Ascitic Fluid 3—Woman, aged 45 years. Cirrhosis of the liver; syphilis ; 
last tap nine days previously; volume of fluid obtained, 5,400 c.c.; specific 


gravity 1.012. 


Mg. Per 100 C.c.5 


Determination Fluid Blood 
2,234.0 
Nonprotein nitrogen.......... 25.0 26.0 
12.0 12.0 


Total fatty 
Total cholesterol............. 22.0 
Sodium chlorid............... 


Ascitic Fluid 4—Woman, aged 66 years. Diagnosis, probably portal obstruc- 
tion; last tap eleven days previously; volume of fluid obtained, 5,500 c.c.; 


specific gravity 1.011. 


7Mg. Per 100 C.c.— 


Determination Fluid Blood 

1,820.0 

875.0 

Nonprotein nitrogen.......... 22.0 22.0 

11.0 11.0 

18 

oes 0.5 1.1 

Creatin + creatinin.......... 2.6 8.3 | 
Total cholesterol............. 20.0 166.0 

700.0 


Chest Fluid 1—Man, aged 19 years. Acute pleurisy; first tap; volume of 
fluid obtained, 1,260 c.c. A clear straw colored fluid of specific gravity 1.026, 


which clotted rapidly, 


7—Mg. Per 100 


Determination Fluid Blood 
5,543.0 
Nonprotein nitrogen.......... 36.0 28.0 
Creatin and creatinin........ 5.3 78 


140.0 


Total cholesterol............. 


08 1.3 4 
Creatin + creatinin.......... 3.1 7.3 ¥ 
Suga? 100.0 93.0 
84.0 
4 
. 
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Chest Fluid 2——Man, aged 25 years. Tuberculosis; pleurisy; volume of fluid 
obtained, 1,500 c.c. A deep yellow liquid, specific gravity 1.022, from which 
fibrin began to separate soon after removal from the body; total cells, 800 


per c.mm. 
‘ Determination Fluid Blood 
5,952.0 
; : Nonprotein nitrogen.......... 22.0 25.0 


Total cholesterol............. 108.0 250.0 
Sodium chlorid............... 


Chest Fluid 3—Man, aged 39 years. Diagnosis, “probably malignant growth ;” 
third tap in ten days; a dark brown fluid, red cells, 1,000.000 per c.mm.; specific 
gravity 1.016. 


Per 100 


Determination Fluid Blood 
3,587.0 
Nonprotein nitrogen.......... 27.0 28.0 
3.0 28 
ses 


Total fatty acids............. ,000. 
Total cholesterol............. 86.0 333.0 
Sodium chlorid............... 


Chest Fluid 4—Man, aged 42 years. Cardiac, general edema; volume of 
fluid obtained, 1,350 cc.; a slightly cloudy, pale yellow fluid, of specific 
gravity 1.018. 


7Mg. Per 100 


Determination Fluid Blood 
4,400.0 
Nonprotein nitrogen.......... 23.0 26.0 
11.0 13.0 


Total cholesterol............. 89.0 
Sodium chlorid............... 


i Creatin and creatinin......... 68 8.9 
: 95.0 90.0 
: Creatin and creatinin........ 3.5 74 
110.0 111.0 
Creatinin 1.1 
Creatin 46 80 
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Chest Fluid 5—Woman, aged 47 years. Mitral stenosis and regurgitation; 
anasarca; first tap; volume of fluid obtained, 1,400 c.c.; a pale yellow, clear 
fluid, of specific gravity 1.010. 

Per 100 C.c.— 


Determination Fluid Blood 
Nonprotein nitrogen.......... 32.0 34.0 
2.0 


Total cholesterol............. 39.0 240.0 
Sodium chiorid. 


The results here presented indicate that the concentration of most 
of the nonprotein nitrogenous constituents belonging to the class of 
crystalloids, namely, urea, uric acid and creatinin, occur in edema fluids 
in about the same concentration as in the blood, a fact already pointed 
out for urea by Javal and Adler.* While the sugar content of the 
pleuritic fluids is about that of normal blood, it is to be noted that in 
the case of the ascitic fluids, particularly those obtained from patients 
suffering from cirrhosis of the liver, it is notably high. 

The figures obtained for total creatinin (creatin + preformed 
creatinin) are, on the other hand, lower than those obtained on whole 
blood. Wilson and Plass® have recently published a criticism of the 
Folin method for the determination of creatin in blood, the method 
by means of which these determinations were made, in which it is said 
that this procedure may, on hemolyzed blood, give figures 100 per cent. 
greater than those obtained by the acetic acid method used by these 
authors, a method which in their opinion is theoretically less open to 
disturbing factors than is the method of picric acid precipitation. In 
plasma and in unhemolyzed blood they obtained fairly concordant 
results in parallel determinations made by the two methods. The same 
investigators have also pointed out the interesting fact that creatin 
occurs largely in the corpuscles ; little, and, in some cases, none at all, 
have been found by them in human plasma. 

The results presented here were obtained before the publication of 
the paper of Wilson and Plass, and it has therefore not been possible 
to make parallel determinations by their method on these fluids; as, 
however, the creatin and creatinin determinations reported were made 


8. Javal and Adler: Compt. rend Soc. de biol., 1906, 61, 235. Wells and 
Hedenburg: Jour. Infect. Dis., 1912, 2, 349. 
9. Wilson and Plass: Jour. Biol. Chem., 1917, 29, 413. 
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on unhemolyzed blood, and as the edema fluids examined contained, 
with one exception, no red cells, it is safe to conclude that the dis- 
turbing factors pointed out by Wilson and Plass were probably not 
operative in connection with the results presented here. 

Considering the small number of cells occurring in edema fluids, 
the figures for creatin found in the case of these exudates and transu- 
dates is, in view of the findings of Wilson and Plass, surprising. It 
should be noted that while the creatin content of the fluids obtained 
from chronic cases is exceedingly low (compared to the level at which 
this product occurs in the blood), those obtained from the more acute 
cases present, as a rule, much higher values (Chest Fluid 2), a fact 
which may perhaps, in part, be accounted for by the higher cell con- 
tent of fluids of the more acute type; although in considering this 
theory the possible influence of autolytic action should not be ignored. 

The results obtained on the lipoid constituents determined (total 
fat and cholesterol) are somewhat similar to those obtained with 
creatin. In fluids of the purely transudate type the amounts of fat 
and cholesterol are small ( Ascitic Fluids 3 and 4, Chest Fluid 5), while 
in exudates (Ascitic Fluid 7, Chest Fluid 1) the quantities of fat and 
of cholesterol present are much increased. Here again the relative 
number of cells ‘present in the two types of fluids may be suggested as 
the cause of the difference in composition, for, as is well known, white 
cells are relatively rich both in neutral fat and in cholesterol. 

The relatively small proportion of cholesterol to total fatty acids, 
if we take as a standard the analyses of “fasting” human blood pub- 
lished by Bloor,”® is also striking.” 

It is now recognized that the concentration of many of the non- 
protein constituents of the blood of normal persons may be influenced 
by diet; in cases of nephritis the effect is even more marked. Experi- 
mental data regarding the effect of diet on the nonprotein constituents 
of body fluids other than blood are, however, lacking. We have 
recently had the opportunity of making a series of observations on 
ascitic fluids obtained from a case of liver cirrhosis in which the patient 
was tapped at intervals of six or eight days, and have thus been able 
to observe the influence of changes in food intake on the composition 
of the transudate. 

The subject of these experiments was an Italian, aged 51 years, 
weighing 138 pounds. The diagnosis was cirrhosis of the liver (alco- 
holic), ascites, hypertrophy and dilatation of the heart, mitral regurgi- 


10. Bloor, W. R.: Jour. Biol. Chem., 1916, 25, 477. 

11. In considering the figures for total fatty acids the fact must be taken 
into account that the samples of blood were taken at the time of parasynthesis, 
which, in every case, was in the afternoon two to four hours after the mid- 


day meal. 
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tation and general arteriosclerosis. Omentopexy had been performed 
six years previously. The operation afforded some relief for about a 
year, but for the previous five years the patient had had to be tapped 
at gradually decreasing intervals. The results obtained on this patient 
are given in Table 2. 

The experimental diets used have been one containing the maxi- 
mum amount of protein the patient could be induced to take, one con- 
taining the smallest amount of protein on which we could keep him 
reasonably contented, and one in which an attempt was made definitely 
to increase the cholesterol intake. For purposes of comparison the 
results obtained on a number of samples of fluid which were collected 
while the patient was on ordinary house diet have been included. 

As will be seen from Table 2 the response to changes in food 
intake was prompt. During the two periods of high protein and high 
purin feeding the uric acid, nonprotein nitrogen and urea of the blood 
showed values much greater than those observed during the succeeding 
days of low protein intake. The period of high cholesterol intake was 
also marked by a considerable increase in the amount of this body 
present in the fluid collected during this time. Practically no changes 
were observed in the content of the total protein of the fluid as a result 
of changes in protein intake, a finding in accord with the observations 
of Miiller,?* who found, in a patient with ascites due to a portal throm- 
bosis, that an extremely high protein intake must be brought about 
before an increase in the amount of total protein in the ascitic fluid 
could be conclusively demonstrated. 


SUMMARY 


Results obtained by the quantitative examination of various types 
of edema fluids for their nonprotein constituents are presented. As 
a result of these analyses the following conclusions have been made: 

1. That many of the nonprotein constituents of the fluids which 
belong to the class of crystalloids, among which may be mentioned 
urea, uric acid, and creatinin, occur in the same concentration in 
exudates and transudates as in the blood. The sugar content of ascitic 
fluids is somewhat higher than that of the blood, a finding not made in 
the case of the examples of pleuritic fluid analyzed. 

In transudates, total creatin occurs only in small amounts. In 
fluids of the more purely exudate type it is present in considerably 
higher concentrations, frequently approaching closely the concentration 
found in whole blood. 


12. Miiller: Deutsch. Arch. f. klin. Med., 1903, 76, 563. 
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2. Fat and cholesterol occur in transudates in relatively small 
amounts. In fluids obtained from acute cases the content of fat and 
cholesterol rises and the former may at times approximate the concen- 
trations found in blood. 


3. In a patient with ascites from whom fluid was withdrawn every 
six to eight days, it was shown that the concentration of urea, uric 
acid and cholesterol in the fluid could be easily influenced by changes 
in diet. 


Al 


A CASE OF CANTHARIDES POISONING WITH SPECIAL 
REFERENCE TO THE BLOOD-PICTURE * 


SAMUEL T. LIPSITZ, M.D. ann A. J. CROSS, 
ST. LOUIS 


M.D. 


Poisoning by cantharides is not a common event in this country. 
When it does occur the tincture of cantharides is the preparation 
usually employed. Its action is well known. Briefly, when applied 
externally it acts as a rubefacient and after some hours it forms small 
blisters which later coalesce, producing large bullae. It is essentially 
a counterirritant. When taken internally, the lethal dose may be as 
low as 30 gm. or even less. Toxic doses produce severe irritation along 
the alimentary tract and in the genito-urinary system, with symptoms 
of collapse. It is said to circulate in the blood as an albuminate and 
is slowly excreted by the kidneys. Excepting the irritating effect on 
the mucous surfaces over which it passes in the process of elimination 
and its action on the genito-urinary system, it causes no marked 
changes in any of the internal organs. Cantharides produces a true 
acute nephritis with albuminuria, casts, passage of blood, suppression 
of urine and pain in the back. Characteristic and early symptoms are 
evidence of gastro-intestinal irritation; pain and soreness beneath the 
sternum and in the epigastrium; vomiting of blood; signs of acute 
nephritis with hematuria; violent pain in the lower dorsal region and 
in the small of the back ; vesical tenesmus ; frequent, scanty micturition ; 
and priapism. The patient also shows more or less definite signs of 
shock. Death usually results from the arrest of renal function. 

It is interesting to note that diuresis and polyuria are often early 
manifestations, but are soon followed by suppression and even anuria. 

There do not appear to be any references in the literature to the 
condition of the blood in cantharides poisoning. The following report 
of a case is deemed of considerable interest because a clinical study of 
the blood was made and certain deviations from the normal were found. 
In the presence of severe and persistent nephritis and hematuria it 
would be reasonable to expect a definite secondary anemia. In this 
case it was surprising to find the contrary true, the patient presenting 
a most marked erythremia shortly after the incidence of the poisoning, 
and this continued, though to a somewhat less degree, for a number 
of days. 


* Submitted for publication Aug. 4, 1917. 
*From the service of Dr. Charles H. Nielson, Department of Internal Medi- 
cine, St. Louis University School of Medicine, St. Louis City Hospital. 
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REPORT CF CASE 


G. L., a colored man, aged 22, entered the hospital on the morning of 
Nov. 29, 1916. He was conscious and rational; his pulse was of fairly good 
volume, and he did not appear to be in immediate danger. He said he had 
taken two teaspoonfuls of tincture of cantharides by mistake about two hours 
prior to his admission. 

On examination his pupils were found dilated, regular, equal, and reacting 
both to light and distance. No eschars were present in his mouth or on his 
tongue, but his throat was reddened. His heart and lungs appeared normal, 
his abdomen was rigid, and he was tender in the region of the epigastrium. 
His deep reflexes and knee jerks were exaggerated. 

At 7 p. m. he was very restless and complained of strangury and of severe 
pain over the kidneys. There was much blood in his urine. Dry cups were 
& applied to the lumbar region for thirty minutes without affording relief, but 
4 morphin (0.25 grain) given hypodermatically, quieted him somewhat. His blood 
a pressure at this time was systolic 130 mm. and diastolic 70 mm. His white 
blood count was 19,000. In addition to the other signs and symptoms men- 
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Curve showing effect on the erythrocytes of cantharides poisoning. 


. tioned he soon began vomiting everything immediately after swallowing and 
} complained of substernal and epigastric pain on taking solids and liquids. He 
suffered constant pain posteriorly over his kidneys and passed a bright red 
urine. Intense pain in the scrotum was caused by the passage of blood. 

The patient was able to sleep but little on account of the pain in the back, 
which was only relieved by large doses of morphin. Extreme general hyper- 
tonus of all the muscles and moderate priapism were present. 

December 1. His urine was still very bloody, the microscopic field con- 
sisting almost entirely of red blood cells. The collected twenty-four hour 
quantity of urine amounted to 2,600 c.c. The erythrocyte count was 10,430,000; 
the leukocyte count, 24,000; hemoglobin, 80 per cent. (Tallqvist). 

December 2. Erythrocytes, 6,430,000; leukocytes, 22,000. 

December 3. Pain in the back continues intense, hematuria persists; twenty- 
four hour specimen of urine, 1,600 c.c. 

December 4. Twenty-four hour specimen of urine, 1,800 cc. There is 
occult blood in the stool; no edema present. 

December 5. The patient was placed on a nonprotein diet and fluid intake 
limited to 1,500 c.c. daily. Blood pressure, systolic 132; diastolic 80. 

December 6. Blood pressure, systolic 120, diastolic 80. Twenty-four hour 
specimen of urine, 1200 c.c. There is no decrease in hematuria. Erythrocyte 
count, 6, 216,000. 
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December 7. The patient feels better, hematuria is less marked. Twenty- 
four hour specimen of urine, 600 c.c. Blood pressure, systolic 110, diastolic 78. 
Erythrocytes, 6,760,000; leukocytes, 19,000. 

December 8. The patient is fairly comfortable; hematuria is diminishing. 
Twenty-four hour specimen of urine, 780 c.c. Blood pressure, systolic 114, 
diastolic 76. Erythrocytes 5,920,000; leukocytes 20,000. 

December 9. The patient is improving. Blood pressure, systolic 105, diastolic 
75. Twenty-four hour specimen of urine, 1,400 c.c. Erythrocytes 5,550,000; 
leukocytes 12,000. 

December 10. Erythrocytes 4,690,000; leukocytes 10,200. Patient was placed 
on soft diet. 

December 11. Urine, lemon colored, showing very few leukocytes. Albumin 
decidedly decreased. Twenty-four hour specimen of urine, 1,820 c.c. Erythro- 
cytes, 4,670,000; leukocytes, 9,700. 

December 12. Following fresh fruit, eaten the previous day and the admin- 
istration of alkalies, his urine again became red. Many erythrocytes were 
found microscopically. Twenty-four hour specimen of urine, 1,150 c.c. Erythro- 
cyte count, 4,800,000; leukocyte count, 9,800. 

December 13. The patient is improving; the urine is clear with very few 
red blood cells. Erythrocyte count, 4,900,000; leukocyte count, 9,100. 

December 17. Patient is in good condition. Phenolsulphonephthalein appeared 
in the urine nine minutes after injection; 38 per cent. was eliminated the first 
hour; 25 per cent. the second hour. The urine is clear, lemon colored, specific 
gravity 1.009. No albumin, sugar, casts or blood cells found. Erythrocyte 
count, 4,780,000; leukocytes, 8,800; hemoglobin, 70 per cent. Blood pressure, 
systolic 104, diastolic 64. The patient lost 7 pounds during his illness. 

COM MENT 


The patient’s temperature was subnormal in the beginning but later 
became normal. There was slight acceleration in the pulse rate. There 
were no ocular findings and the Wassermann was negative. He was 
discharged December 18, in good condition, twenty days after admis- 
sion. 


| 
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THE EFFECT OF PANCREATECTOMY ON THE CATALASE 
CONTENT OF THE TISSUES * 


J. KENNEDY, A.B. 
Laboratory of Physiological Chemistry, University of Illinois Medical School 
CHICAGO 


AND 
W. E. BURGE, A.M., Px.D. 
Physiological Laboratory of the University of Illinois 
URBANA, ILL. 


Of the older workers who recognized the coincidence of diabetic 
symptoms and lesions of the pancreas, the names of Cowley (1788), 
Bright, Lloyd and Elliotson (1833) and Bouchardat (1883) may be 
mentioned. Von Mering and Minkowski’ (1889), however, were the 
first to show that complete pancreatectomy invariably resulted in 
severe diabetes. Much work has been done and several theories have 
been advanced in an attempt to explain the fact that when the pancreas 
is extirpated the animal loses the power of burning carbohydrates. 
The literature on the subject is so enormous that no attempt will be 
made to review it. A fairly complete and exhaustive review is made 
by Allen,? and by Lusk.* In very severe cases of diabetes the body is 
not only unable to burn sugar, but is able to burn fat only as far as 
beta-oxybutyric acid, and as for the protein, a part of its amino-acids 
are converted into sugar and a part into beta-oxybutyric acid, neither 
of which the animal is able to burn.* It should be kept in mind, how- 
ever, that while oxidation is imperfect or defective in diabetes, it is 
not decreased, but is rather increased, as is indicated by the increased 
heat production.’ The present investigation was begun in an attempt 
to find an explanation for the defective or imperfect oxidation in 
diabetes. 

We® have found that the amount of oxidation in the different 
muscles is directly proportional to the amount of catalase; that by 
increasing or decreasing the amount of work, and hence oxidation in 


* Submitted for publication Aug. 21, 1917. 
1. Von Mering and Minkowski: Diabetes mellitus nach Pancreasextirpa- 
tion. Arch. f. exper. Path. u. Pharmakol., 1889-1890, 26, 371. 

2. Allen, F. M.: Glycosuria and Diabetes, 1913. 

3. Lusk, Graham: The Science of Nutrition, 1917. 

4. Magnus-Levy: Ergebn. d. inn. Med., 1908, 1, 404. 

5. Pettenkofer and Voit: Ztschr. f. Biol., 1867, 3, 380. DuBois and Veeder: 
Tue Arcuives Int. Mep., 1910, 5, 37. 

6. Am, Jour. Physiol., 1916, 41, No. 2; 1917, 42, No. 3; 1917, 43, No. 1; 
1917, 43, No. 3; 1917, 43, No. 4. 
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AND TISSUE 


a muscle, there was a corresponding increase or decrease in the catalase 
content; that in thyroid feeding, where oxidation is increased, there 
was a corresponding increase in the catalase of the blood; that in 
phosphorous poisoning, where oxidation is defective, the catalase of 
all the tissues was decreased, being most marked in the liver; that in 
starvation, where oxidation is decreased in the less vital tissues and 
remains normally high in a vital organ such as the heart, there was a 
corresponding decrease in the catalase content of the less vital tissues, 
while it remained normally high in the heart. Since in all the instances 
cited where oxidation is increased or decreased, or rendered defective, 
there was a corresponding increase or decrease in catalase, the conclu- 
sion was drawn that there exists a very close relationship between 
catalase content and amount of oxidation. It may be that oxidation in 
the tissues is brought about by catalase by the liberation of atomic 
oxygen from an organic peroxid comparable in structure to hydrogen 
peroxid, as was suggested by Bach and Chodat. However this may be, 
one is unable to say at present; yet if it can be shown that the catalase 
of the tissues is decreased in diabetes, it would be another instance in 
which catalase is decreased when oxidation is rendered defective, and 
there may exist a causal relationship between the decreased catalase 
and defective oxidation. 
The animals used in the present investigation were dogs. Several of these 
animals were depancreatized.. Examination of the urine on the first day after 
the operation showed the presence of sugar in all the depancreatized animals. 
The longest time any animal was permitted to live after the operation was 
thirteen days, while the shortest was six days. Those that had gone thirteen 
days were in very bad condition and showed large amounts of sugar in the 
urine. After the animals were etherized their blood vessels were washed with 
large quantities of 0.9 per cent. sodium chlorid until free of blood, as was 
indicated by the fact that the wash water gave no test for catalase. The blood- 
less liver and heart were then removed and ground up separately in a hash- 
ing machine. 

The catalase content of the heart was determined by adding 1 gm. of the 
ground material to 45 c.c. of hydrogen peroxid at 27 C., while 1 gm. of the 
liver was added to 500 c.c. of hydrogen peroxid in a bottle. A greater amount 
of hydrogen peroxid was used for the liver because of the greater catalase con- 
tent of this organ. As the oxygen gas was liberated by the heart muscle, it 
was conducted through a rubber tube to an inverted buret previously filled 
with water, and that liberated by the liver to a large, inverted, graduated cyl- 
inder. The amount of oxygen gas liberated by the heart and liver, respec- 
tively, was read off directly from the buret and cylinder where it had displaced 
the water. After this volume was reduced to standard atmospheric pressure 
the resulting volume was taken as a measure of the amount of catalase in the 
ground material. A full description of the method may be found in a pre- 
vious publication. 

The results of the determinations are given in the accompanying 
table. It will be seen that the average amount of oxygen liberated by 


7. We are indebted to Dr. W. F. Petersen of the University of Illinois 
Medical School for depancreatizing the animals. 


7 


894 J. KENNEDY—W. E. BURGE ARCH. 


1 gm. of the liver of the normal dogs in ten minutes from 500 c.c. of 
hydrogen peroxid was 466 c.c., while that liberated by the liver of the 
diabetic animals was only 130 c.c. The average amount of oxygen 
liberated by 1 gm. of the heart of the normal dogs in ten minutes from 
45 c.c. of hydrogen peroxid was 48 c.c., while that of the heart of the 
diabetic dogs was 25 c.c. By comparing the data from the normal 
animals with that from the diabetic animals it will be seen that the 
catalase content of the livers of the diabetic animals was decreased 
72 per cent., and that the catalase content of the heart was decreased 
48 per cent. 

Two dogs were used three days after being depancreatized. These 
showed a decrease in the catalase of the liver and heart, but not to 
such a great extent as those that had been depancreatized for longer 
periods. 

OF CATALASE DETERMINATIONS IN NoRMAL 
AND Drasetic Liver HEART 
Average 
Tissue Dog Dog Dog Dog Dog Amount of Percentage 
Liver 1 2 3 4 5 Oxygen in C.c. Decrease 
390 425 500 466 
88 175 120 130 72 


48 42 44 48 
Diabetic 34 22 22 25 48 
* After “normal” and “diabetic” are given the number of cubic centimeters 
of oxygen liberated in ten minutes from hydrogen peroxid by 1 gm. of the 
liver and of the heart of normal and of diabetic dogs. Dog 1 was diabetic for 
six days; Dog 2 for seven days; Dog 3 for nine days, and Dogs 4 and 5 
for thirteen days. 


From the preceding observations it would seem that the catalase of 
the tissues of depancreatized dogs decreases during the first five or six 
days, at which time a certain low level is reached and maintained. 
Verzar* found that the dog does not completely lose its power of 
oxidizing glucose until the fourth day after pancreatectomy ; hence it 
would seem that the power of the diabetic dog to burn glucose decreases 
parallel with the decrease in the catalase content of the tissues. 

We have presented evidence showing that catalase is formed in the 
liver, and that this is normally given off to the blood as a result of 
stimuli received over the splanchnics. We found, for example, that 
when a cat was enclosed in a small cage and a dog on the outside of 
the cage was permitted to bark and bite at the cat, and as a result the 
cat fought back at the dog, the catalase of the liver of the cat was very 
greately increased. From these and similar experiments the conclu- 
sion was drawn that the great physical exertion put forth in times of 


8. Verzar: Biochem. Ztschr., 1914, 66, 75. 
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stress and combat is made possible by the increased output of catalase 
from the liver into the.blood, and that this is carried to the muscles 
where it augments oxidation, thus supplying the increased energy for 
the fight. The decreased supply and constant destruction of the 
catalase is probably responsible for the decreased catalase in the tissues 
of diabetic animals. Given the decreased catalase content of the tissues 
in diabetes, the characteristic imperfect or defective oxidation in this 
disease naturally follows if catalase is the enzyme principally respon- 
sible for oxidation. The question that naturally arises in this connec- 
tion is, how does the extirpation of the pancreas decrease the catalase 
of the tissues? The explanation that suggests itself is that the pan- 
creas gives off an internal secretion, which is carried to the liver and 
increases the formation of catalase in this organ. The fact that the 
liver gives up its glycogen after pancreatectomy,’ and that it seems to 
lose its power of forming glycogen from most sugars® would also seem 
to indicate a regulatory action on the part of the secretion of the pan- 
creas. The observations of De Meyer’® would seem to offer still further 
evidence in this direction. This observer found that the liver when 
perfused with Ringer’s solution lost less glycogen if pancreatic extract 
was added, and that if the liver came from a depancreatized animal 
its function of storing glycogen could be restored by the addition of 
pancreatic extract to the perfusing fluid. 


SUMMARY 


Extirpation of the pancreas decreases the catalase content of the 
liver by about 75 per cent., which results in the decreased output of 
catalase into the blood and hence a lessened supply to the tissues. 

The decreased catalase content of the tissues may account for the 
imperfect or defective oxidation in diabetes, since the amount and 
intensity of oxidation is so inseparably linked with catalase. 


9. Epstein and Baehr: Jour. Biol. Chem., 1916, 24, 1. 
10. DeMeyer, J.: Sur les relations entre la secretion interne du pancreas et 
la fonction glycogenique du foie. Arch. internat. de physiol., 1910, 9, 1 to 100. 
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THE IRON METABOLISM OF HEMOCHROMATOSIS * 


C. P. HOWARD, M.D, ann F. A. STEVENS, M.D. 
IOWA CITY, IOWA 


The object of our study was to investigate by modern chemical and 
metabolic methods the iron and its associated metabolism in a typical 
case of hemochromatosis. In spite of the fact that there are now in 
the literature some seventy-two cases, nine’ of which have been 
reported since T. P. Sprunt’s? excellent paper in 1911, only one attempt 
has been made to investigate the iron metabolism. 

Garrod® and his co-workers in 1914 published some resuits of their 
clinical and chemical studies in a typical case of hemochromatosis. 
Their work is, however, open to criticism and will be dealt with sub- 
sequent to our own clinical and chemical findings. 


AUTHORS’ OBSERVATIONS 

The medical history and postmortem findings of our patient are as 
follows: 

Clinical Summary: Irishman, aged 54. In 1914 pigmentation of the skin; 
in 1916 enlargement of the liver and in 1917 glycosuria. Diagnosis of hemo- 
chromatosis confirmed by examination of the skin. Death three years after 
onset of disease. Necropsy. 

History—W. F. (Clinical No. 3283), aged 54, a carpenter, was referred by 
Dr. C. G. Beveridge, Muscatine, Iowa. He was admitted Jan. 8, 1917, com- 
plaining of weakness. 

Family History—His mother died from gallstones and an obscure liver 
trouble. One sister, the patient believes, has trouble similar to his own. There 
is no other history of importance in the family. The patient’s wife has had 
two full term children and no miscarriages. 

Personal History.—The patient was born in Iowa of Irish parents. He has 
been a carpenter by trade. Uses some tobacco and admits an occasional glass 
of alcoholics, but never to excess. Denies absolutely syphilis, but admits 


* Submitted for publication July 12, 1917. 

*From the Medical Clinic and Chemical Research Laboratory of the Uni- 
versity Hospital, State University of Iowa. 

1. Potter, N. B., and Milne, L. S.: Am. Jour. Med. Sc., 1912, 148, 46. Van- 
derhoef, D., and Hutcheson, J. M.: Old Dominion Jour. Med. and Surg., 1912, 
15, 1. Blumer, G.: Yale Med. Jour., 1912, 18, 190. Labbe, M.: Arch. de mal. 
de l’appar. digest., 1912, 6, 403. Gaskell, J. F.. Mackenzie, Wallis R. L., Sladen, 
A. F., Vaile, P. T., and Garrod, A. E.: Quart. Jour. Med., 1913-1914, 7, 129. 
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gonorrhea at 20. He had the ordinary diseases of childhood—measles, mumps 
and chickenpox. He also was subject to chills and fever when living on the 
Mississippi as a boy. When 8 years old he had a fever which lasted three 
weeks and which was accompanied by delirium, but terminated suddenly with 
a profuse sweat; this was considered typhoid. He has been subject to winter 
colds all his life, but denies bronchitis, pleurisy and pneumonia, hemoptysis and 
nightsweats. There was no dyspnea, palpitation or edema. His appetite has 
always been good; he has no dyspnea, gaseous eructations or pain after eating; 
no nausea or vomiting. The bowels are inclined to constipation. There was 
no melena, hemorrhoids, jaundice, etc., before the present illness. Micturition 
is normal, both as to amount and frequency. Admits impotence for the past 
fourteen years. 

The patient denies nose or throat affections until March, 1915, when he 
had pain and swelling of the left side of the face for which four teeth were 
extracted and an antromeatal operation was performed following a diagnosis 
of empyema of the maxillary antrum. The condition rapidly cleared up though 
he dates most of his marked symptoms from this infection. 


Present Illness—While he dates the onset of his present illness from the 
empyema of the antrum in March, 1915, he admits that his friends and family 
have noticed a peculiar color to his skin for three or four years and that some 
time prior to examination he thought the liver was enlarged. He felt perfectly 
well, however, until the aforementioned infection, which resulted in marked 
weakness and a loss of 20 pounds in weight, which he has never regained. 

About January, 1916, he was told by a physician that the liver was enlarged. 
He kept at work all the year except for a few weeks in the summer of 1916 
when he found the heat unbearable and he became weak and a little short of 
breath and developed a slight edema of the right shin. The urine was repeat- 
edly examined during these months, but was always said to be normal. Sud- 
denly, Dec. 25, 1916, he developed polyuria and Jan. 6, 1917, the urine was 
said to contain sugar. The bowels, if anything, had been more .constipated 
than previously. The patient had kept at work up to the date of admission 
and he entered the hospital because of an opportune holiday. 


Physical Examination—Examination made by Dr. C. P. Howard Jan. 9, 
1917. The patient is a poorly nourished, white man aged about 50; he lies 
comfortably in bed and does not look sick. The color is peculiar. The skin 
of the face, trunk and extremities has a muddy appearance, with a slightly 
bronzed hue. The lips and ears are ruddy, almost cyanosed, forming a 
striking contrast to the face. There is, however, no special pigmentation of 
the skin of the axillae, groins and areolae. There is a distinct and somewhat 
diffuse pigmentation over the shins. The skin is dry and strikingly free from 
hair, there being no visible hair over the trunk or in the axillae. Pubic hair 
is very sparse. The thighs and shins have no hair. The scalp is covered by 
a growth of fine black hair turning gray. The eyelashes are heavy. He has 
a rather light beard and moustache. The mucous membrane of the mouth is 
injected but presents no pigmentation. On the soft palate is a small telangi- 
ectasis. Many teeth are missing, necessitating a plate in the upper jaw; the 
other teeth are carious. The tongue is straight, moist and slightly coated; 
on the under surface there are a few small telangiectases. The sclerae are 
muddy but not definitely bile stained. The conjunctivae show marked injection 
of the vessels and a bilateral pterygium. The pupils are round and react 
promptly to light. Lymph glands are nowhere palpable. 

The thorax is symmetrical and somewhat barrel shaped. The lungs are 
clear on percussion and auscultation. Heart: Point of maximum intensity is in 
the fifth intercostal space 8 cm. from the midsternum, relative cardiac dulness 
begins above at third rib and extends 3.5 cm. to right and 9 cm. to left. Sounds 
are regular and clear; no murmurs. The aortic second sound is louder than 
the pulmonic second. Pulse: 100, large, regular in force and rhythm. The 
radia! wall is uniformly thickened. Blood pressure, systolic, 124; diastolic, 80. 
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The abdomen is rounded but reveals no enlarged veins; the umbilicus is 
depressed. The walls are soft and doughy. There is no dulness in the flanks; 
no signs of fluid. The edge of the liver is readily felt two fingers’ breadth 
below the costal margin. The edge is rounded and firm, the surface rough 
and nodular. The upper border of liver dulness begins at the fifth rib and 
extends vertically 17.5 or 4.5 cm. below the costal margin in the right para- 
sternal line. The left lobe can be traced across the epigastrium to the costal 
border of the left side. The spleen itself cannot be felt in its usual location, 
but on deep palpation a firm mass can be felt well under the costal border 
which is no doubt the spleen. Splenic dulness does not seem increased. There 
are no epigastric masses to be felt. The tendon and plantar reflexes are nor- 
mal throughout. Pallesthesia of the right shin, 100 per cent.; left shin, 100 per 
cent. Touch and pain are intact throughout. 

The muscles are small and though they show no localized atrophy or degen- 
eration there is a marked myoidema. All muscle groups seem fairly strong 
(70 per cent. of normal). 

The external genitalia are rather small but symmetrical. 

Rectal examination reveals a great deal of fulness of the hemorrhoidal veins; 
the middle lobe of the prostate is smooth and not tender. 

A clinical diagnosis of hemochromatosis was further suggested by the pres- 
ence of a slight but constant glycosuria. 

Jan. 11, 1917, a small piece of skin was removed for histologic study, but 
through an error was fixed in Zenker’s fluid and consequently the abundant 
yellowish-brown pigment found in the corium did not give the iron reaction. 

January 25, a second portion of the skin was removed and fixed in for- 
maldehyd solution and this time Dr. C. E. Royce obtained the characteristic 
iron reaction with potassium ferrocyanid. 

The Urine: The patient was first placed on a general diet (hospital light) 
for the first two days. During this time he voided from 425 to 2,075 c.c. in 
the twenty-four hours, which contained 1.46 to 4 per cent., or from 6.2 to 
83 gm. of glucose. It was free from acetone and diacetic acid and negative 
for albumin and casts. 

He was then starved for twenty-four hours, when he became sugar-free 
and showed no evidence of acidosis. His tolerance was determined in the 
usual manner advised by Allen and Joslin. His final diet consisted of 90 gm. 
of carbohydrates, 65 gm. of protein and 120 gm. of fat. This gave him suffi- 
cient calories for his weight and was well tolerated by the patient up to 
February 5, the date of his discharge, when he was sugar-free and acetone-free. 

His weight on admission was 126 pounds, and on discharge 125 pounds. 

From Jan. 22, 1917, to Feb. 1, 1917, he was on special diet in the metabolism 
ward for the study of his iron metabolism. This had no apparent effect on 
his glycosuria or acidosis. 

Blood: Jan. 8, 1917. Hemoglobin, 100 per cent. (Sahli, corrected) ; red 
blood cells, 4,280,000; white blood cells, 8,680. Smears revealed normal red 
cells. The differential count gave: polymorphoyuclears, 55 per cent.; lympho- 
cytes, 33 per cent.; transitionals, 8 per cent.; large mononuclears, 1 per cent. ; 
eosinophils, 3 per cent. 

Jan. 9, 1917. Blood sugar, 0.23 per cent.; serum was negative for urobilin 
and urobilinogen; no bile pigments or acids were found on dialysis; calcium 
content of blood, 9 mg. 

Jan. 13, 1917. The Wassermann reaction on blood serum was negative. 

Jan. 16, 1917. Fragility test: hemolysis begins at 0.36 and is complete at 0.30. 

Gastric Contents: Jan. 9, 1917, Ewald test breakfast; removed in forty 
minutes; amount, 270 c.c.; consistence and color normal. Total acidity, 8; 
free hydrochloric acid, 5; Meyer’s test negative. Microscopic test negative. 

Duodenal Contents: Removed by Einhorn bucket. After one and a half 
hours bile-stained fluid escaped freely from the tube; color, clear golden 
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yellow; reaction, neutral to litmus; total acidity =5; free hydrochloric acid = 
0; bile present; protease = 2; amylase = 100; lipase =0; blood was negative 
to Meyers’ test; urobilin negative or +; urobilinogen, negative; microscopically 
negative. 

Urobilin and Urobilinogen: On admission the urine was negative for the 
urobilinogen reaction and the duodenal contents removed by the Einhorn tube 
gave only a trace of urobilin and no urobilinogen. 


TABLE 1.—Uropitin ANp URoBILINCGEN 


_ — — +— 1 
First Period | Jan. 23 | Jan. 24- | Jan. 25 Jan. 26 
| | 
isn cncendanssveteens | 2,258 1,448 1,740 | 1,200 | 
| 


Daily = 26,634 dilutions. 


Feb. 3 


38,000 


Daily = 15,520 dilutions. 


A subsequent quantitative determination of these in the urine and stools 
was made by the Wilbur and Addis method‘ (spectroscopic extinction method) 
and a well marked increase was found in both, averaging daily 26,634 dilutions 
and at a later period 15,520 (instead of the normal 5,000 to 8,000). 


Jan. 23 Jan. 24 Jan. 25 | Jan. 26 Jan. 27 | Total 


TABLE 2.—IRon Metaporism (IN MILLIGRAMS oF IRON) 


Balance 


January 28, wholeblood = 45 mg. per cent. 


Iron Metabolism: Jan. 23, 1917, the patient was placed on a weighed and 
measured diet of agar, milk, eggs and salt with especial view to the study 

of the iron metabolism. The intake of iron as determined by Neumann’s method ’ 
for the five-day period equaled 29.3 mg. For this period there was no iron 

in the urine and only 26.8 mg. in the feces; that is to say, a retention of 2.5 

mg. in the five days. 


4. Wilbur, R. L., and Addis, T.: Urobilin; Its Clinical Significance, Tue 
Arcuives Int. Mep., 1914, 13, 235. 


D Di 
| 
Jan. 27 Total 
1 
2,100 8,798 | 
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At the end of the period the iron content of the whole blood was deter- 
mined by Neumann’s method and found to be 45 mg per 100. 

Nitrogen balance was determined, first, as a check on the whole experi- 
ment, and secondly, to be sure that our patient was in metabolic equilibrium. 

The nitrogen intake was 42.5 gm. and the output 42.16 for the five-day 
period (Table’3). 


TABLE 3.—Torar Nirrocen 


Intake 


January 23 
January 2% 
January 25 
January 26 
January 27 


2.91 Bal. + 0.34 


Nitrogen Partition of Urine 
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TABLE 


Output in | Total 
Intake | Urine | ay bur Neutral Ethereal Inorganic 
n Feces 


January 23 


January 25. 


| 
January 24 
| 


Balance +0.6506 


Output 
Urine Feces 
8.5 7.25 0.6 
| 8.5 7.2 0.63 
8.5 7.4 
8.5 8.5 
8.5 89 228 
| 
Total 42.5 89.25 
| 
| 
0.08 % 3.39 
7.2 0.082 = 
0.045 % 0.72 
74 
0 0.38 
8.5 
0 5.50 
| 0 1.74 
Date 
0.0826 
0.4480 0.02683 0.0155= 0.4224 = 
5.0% 3.3% 91.1% 
otiatit 0.0205 = 0.011 = 0.3864 = 
2.5% 92.5% 
3,115 1.9336 | 0.5808 
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The nitrogen partition in the urine was normal. 
The sulphur metabolism was next determined (Table 4). It was found that 
in a five-day period there was a retention of sulphur amounting to 0.6506 gm., 
or an average daily retention of 0.1301 gm. sulphur. The sulphur partition of 
the urine was normal. 

The phenols were studied by the Folin and Denis colorimetric method* 
because of the possibility that an injured liver cannot conjugate or detoxicate 
these bodies. In our case there is a normal ratio between the combined and 
total phenols (Table 5). 


TABLE 5.—PHENOLS 


Jan. 24 


Total, gm 


As the patient was anxious to leave the hospital he was discharged 
Feb. 5, 1917. 

Two days later, though apparently adhering to his diet, he suddenly 
developed severe abdominal pain, nausea and vomiting, fever, delirium, 
air hunger and coma. Death occurred at 12 noon, February 7, a little 
less than forty-eight hours after leaving the hospital. 

Thanks to the courtesy of the home physician, Dr. C. G. Beveridge, 
permission for a necropsy was obtained, and was performed Feb. 8, 
1917, by Dr. C. E. Royce, the hospital pathologist. 


Necropsy.—Anatomic Diagnosis: Hemochromatosis. Cirrhosis of liver, 
pancreas and spleen. Hypertrophy of the retroperitoneal lymph nodes of the 
upper abdomen. Chronic adhesive pleuritis (bilateral). Chronic adhesive peri- 
tonitis about the liver. Atrophy of the testicles. Brown atrophy of the heart 
muscle. 

The body is that of an adult white male without deformity, but emaciated. 
The skin over the whole body is of a faint grayish-brown color, but this is 
especially well marked over the face and hands. There are no superficial lesions. 
The superficial lymphatics, including both epitrochlear nodes, are palpable, but 
not enlarged. The subcutaneous fat is thin, and bright yellow. The pectoral 
muscles are pale red, with a brownish tinge. The omentum is thin and con- 
tains very little fat. The abdominal cavity shows no adhesions except over the 
dome of the liver on the right side, and between the gallbladder and trans- 
verse colon. 

The abdominal cavity contains a large amount of embalming fluid. The left 
pleural cavity shows no fluid, but presents dense adhesions laterally and pos- 
teriorly over the diaphragm. The right pleural cavity shows no fluid, but 
presents adhesions over the outer, posterior and lower margins of the lower 
lobe. The pericardial cavity presents no adhesions, but shows about 50 cc. 
of blood-tinged opaque fluid. The mesenteric vessels show no thickening or 
evidence of hemorrhage. The mesenteric nodes are not enlarged. The intes- 
tines are very friable. The appendix presents a constriction at its base. 

The liver is unusually large. Owing to lack of facilities its weight and 
measurements were not taken. The surface is rough and pebbled and the con- 
sistence is hard and leathery. The cut surface of the liver presents an appear- 


5. Folin, O., and Denis, W.: Jour. Biol. Chem., 1915, 22, 305. 
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ance like that of a crushed stone floor, in which fine rusty brown opaque par- 
ticles are imbedded in a gray translucent substance. These opaque patches 
vary from 0.5 mm. to 1 mm. in diameter. In some places the liver tissue is 
softer than in others, and here the tissue seems to be honeycombed by numbers 
of small spaces. The gallbladder is thin walled and contains dark green bile, 
but no stones. 

The spleen is larger than usual. Its contour is irregular and its surface 
smooth. The outer surface is gray in color. The cut surface is dark red and 
the consistence friable. 

The pancreas is smaller than usual and very flabby in consistence. Its color 
in general is a chocolate brown. Along the body of the pancreas and about the 
head are enlarged lymph nodes which are rusty brown in color, both on the 
exterior and on the cut surface. 

The adrenals are very small. The consistence is that usually found. The 
relation of the cortex to the medulla is that usually seen. 

The kidneys present about the same general appearance. The outer surface 
is reddish-brown, and smooth. The capsule strips easily. The cut surface of 
the kidney is dark red tinged with brown. The consistence is rather flabby. 
The right kidney shows a 1 cm. cyst on the posterior surface near the hilum. 

The right lung is large and crepitant. The upper and middle lobes are gray. 
The lower lobe is reddish-gray. The cut surface is bright red on the lower 
lobe. The cut surface of the upper and middle lobes are gray. The left lung is 
large and crepitant. The upper lobe is gray within and without. Scattered 
through the upper and lower lobes are small calcareous nodules. The apex 
shows scar formation. 

The heart is of the usual size. The muscle is reddish brown. The valves are 
intact, although the aortic and mitral valves are somewhat thickened. The 
aorta is marked by a thickening of its wall and a few calcareous plaques 
on its intima. 

The bladder is small and the wall moderately thick. The inner surface is 
pale and not roughened, and shows no areas of reddening. 

The prostate gland is small and firmly elastic in consistence. The testicles 
are flabby. The tubules do not unravel readily, breaking easily. 

The thyroid gland is small, firm and reddish brown in color. 

Microscopic Examination—A section from the liver shows a remarkable 
condition in which the amount of fibrous tissue present far exceeds the amount 
of parenchyma. The parenchyma which is present appears in irregular oval- 
shaped areas and many such areas are seen in which a large part of the liver 
tissue has disappeared, leaving a hole. In such clumps many of the corners 
of the liver cells are missing, so that they appear roughly circular or oval. The 
nuclei stain indistinctly and the whole picture is obscured by masses of brown 
granules, which occupy the cells, crowding many of them to the limit. Brown 
granules are not found between the cells. The intervening tissue is dense and 
fibrous and in it appear structures having all the appearance of bile ducts. There 
are also scattered through the fibrous tissue many small mononuclear leuko- 
cytes. Granules are present in the fibrous tissue but are not as numerous as 
in the clumps of the liver cells. The granules may be found to some extent 
apparently free in fibrous tissue, but in the structures, which appear like bile 
ducts, the granules are very numerous and intracellular. Sections of the liver 
stained by Nishimura’s method to demonstrate the reaction for iron of the 
blood pigment show that all the brown granules react with the combination of 
ammonium sulphid, potassium ferrocyanid and hydrochloric acid, giving a 
prussian blue color. 

The pancreas has the usual appearance greatly altered by extensive atrophy 
of its parenchyma cells. Its group of cells contain heavy deposits of brown 
granules. There is no evidence of the formation of cells into acini, the scat- 
tered cells being found in a loose network of connective tissue. The islands 
of Langerhans are no longer to be identified as such. The epithelium of the 
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ducts has desquamated and may be found in the lumen mingled with cellular 
and amorphous debris. 

The spleen has its usual appearance altered by the thickness of its trabeculae, 
and enormous density of its finer reticulum so that a large part of the pulp 
appears to be made up of younger connective tissue cells. The splenic cor- 
puscles are present and have their usual appearance. Enormous numbers of 
red biood cells crowd the blood spaces. 

The general appearance of the kidney section is changed by many definite 
hemorrhages into the tissue, especially in the cortex. The tubular epithelium 
does not take a differential stain, in most places the nucleus being indistinguish- 
able from cytoplasm. The general shape of the tubules is preserved. The 
glomeruli show capsules of the usual thickness. The capillaries are enor- 
mously distended with red blood cells and in some places the endothelium 
of the tufts appears to be proliferated. There is infiltration of the tissue by 
leukocytes, and congestion of all its vessels. 

The adrenal glands are in a fair stage of preservation. The cells show good 
differential staining. The blood vessels of the medulla are distended with red 
blood cells, some of them to the point of rupture. The peculiar characteristic 
of the section is that the cells of the glomerular zone are in large part packed 
with brown granules. The cells so affected are those just beneath the capsule. 
Very few if any granules are found in the other cells shown in the section. 

The section from the lymph node found near the head of the pancreas 
shows a loosely arranged structure in which lymph follicles are abundant and 
in their usual arrangement. In the lymph spaces are large numbers of cells. 
They are oval in shape, having the general appearance of endothelial cells. 
These are loaded with brown granules in lesser number than may be found 
throughout the section. There are also giant cells of the so-called foreign 
body type. These giant cells almost invariably contain material having a 
somewhat crystalline appearance and varying in color from light yellow to 
black. The material is arranged in the form of large and small masses having 
shapes varying from circular to fusiform. Regardless of the shape or color 
of these patches, they are highly refractile, appearing like huge granules found 
in the endothelial cells. The section of the lymph node treated to show the 
reaction for iron shows the endothelial cells to be loaded with prussian blue, 
and these large masses of pigment found in the giant cells are very dark blue. 
A slight reaction is seen also in the connective tissue cells of the fibrous frame 
work. The lymphoid cells, however, appear to be free. 

The lungs show a moderate amount of congestion. The walls of the air 
sacs are slightly thickened amd some of the vesicles contain serum and a few 
leukocytes. Definite black pigment is found in some of the thicker septa. 
In the other places the pigment reacts with the chemicals used, giving a bluish 
black appearance. 

The cross striations of the heart muscle are fairly well preserved. The 
nuclei are for the most part swollen and present at their poles numbers of 
yellowish brown granules. There is no increase of interstitial tissue and blood 
cells do not appear engorged. Sections of the heart muscle treated to show 
the iron reaction show that all the fibers present at some point granules of 
prussian blue; these become more numerous near the nuclei. In some places 
the muscle fiber seems to have disappeared leaving its sheath within which 
may be seen a few dense masses of pigment. 

Section of the testicle shows the tunic thick and dense. The gland tissue 
is also dense through an overgrowth of the intertubular tissue. The tubules 
are all atrophic and show little if any appearance of a lumen. What epi- 
thelial cells remain are small, being represented mainly by their nuclei. Pigment 
is present in some of the connective tissue and in the walls of some of the 
tubules. It is also present to some extent in the walls of the blood vessels. 
This amount is negligible in comparison with quantities found in the other organs. 
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The prostate gland presents about the usual proportion between the fibrous 
and glandular tissue. The epithelium lining the gland spaces is, however, thin 
and atrophic in places. There is no evidence of congestion or inflammatory 
change. Occasionally pigment deposits may be seen in the walls of the gland 
spaces and in some of the connective tissue cells. This amount is very small, 
however. 

In the kidney the deposits of pigment appear almost entirely limited to 
the portion of the tubules in the cortex. The amount of pigment found in the 
kidney is small compared with that seen in the other organs, or with that 
seen in the kidney of pernicious anemia. Examination with the higher powers 
shows pigment present in the glomeruli. 

The Iron Content of the Viscera——Portions of the liver, spleen, pancreas 
and kidneys were dried to constant weight and the iron content determined 
by Neumann’s method.” This method gave uniform results. Unfortunately, 
owing to the fact that the necropsy was performed in another town and after 
the body had been embalmed, the fresh weights of the various viscera were 
not available and we have had to content ourselves with the amount of iron 
per 100 gm. of dried substance, and of course cannot give the total iron con- 
tent of each viscus. These figures are tabulated (Table 6) with those of other 
authors for the sake of comparison. It will be immediately seen that in our 
case there was an enormous retention of iron in the retroperitoneal lymph 
glands’ (4.2 per cent.), liver (3.09 per cent.) and a considerable one in the 
pancreas (1.439 per cent.), while that of the spleen (0.825 per cent.) and the 
kidneys (0.406 per cent.), though more than in the normal and certain dis- 
eased conditions, was relatively much less. 

While many other authors (Quincke, Auscher and Lapicque, Jeanselme and 
Garrod) have determined the iron content of the liver, at least, they have 
expressed it in percentages of the fresh organs; and though a rough estimate 
in dried weight may be obtained by multiplying the moist weight results by six. 
we do not consider these figures sufficiently accurate for comparison with ours 
and the others given in our table. 

Further, in only a few cases has the iron been determined in the spleen, 
pancreas and kidneys and retroperitoneal lymph glands. For comparison we 
also tabulate some figures in Addison’s disease, pernicious anemia, cirrhosis 
of the liver and acute myelocytic leukemia. 


DISCUSSION OF [RON METABOLISM 


Time and space will not permit us to enter into a general discussion 
of the pathogenesis of hemochromatosis. The reader is referred to the 
papers of Anschiitz,* Futcher,® Sprunt® and McCreery’® for a review 
of the cases in the literature and a criticism of the various theories 
held. Almost every writer seems to have added something to the con- 
fusion of our knowledge of the pathogenesis of the various phenomena 
of hemochromatosis. Most of the opinions advanced have been based 
on purely theoretical grounds, and much of the discussion that has 
followed has been consequently almost purposeless. 


6. Hoppe-Seyler, Thierfelder: Handbuch der Chem. Aanlyse, Ed. 8, p. 546. 

7. That this figure is much less than in other reported analyses may be 
due to the large amount of fat tissue mixed with gland. 

8. Anschiitz, W.: Deutsch. Arch. f. klin. Med., 1899, 62, 411. 

9. Futcher, T. B.: Cirrhosis with Pigmentation, Jour. Am. Med. Assn., 1901, 
37, 815; Am. Jour. Med. Sc., 1907, 133, 78. 

10. McCreery, A. H.: Canada Med. Assn. Jour., 1917, 7, 481. 
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The original contention that the glycosuria was the primary factor 
was soon exploded as lacking any clinical or pathologic proof. The 
main dispute centered about the question as to whether the cirrhosis 
of the liver or the pigmentation of the viscera was the primary factor. 
In other words, did the cirrhosis of the liver result in an increase of 
the normal pigmentation of the viscera, or did the pigmentation of the 
liver and pancreas cause the cirrhosis of these organs? 


TABLE 6—Iron CONTENT OF THE VISCERA 


Pan- Retro- 
Liver, } Spleen, creas, Kidneys, peritoneal 
Author and Disease per Cent.* per Cent.* per per Glands, 
Cent.* Cent.* per 
Cent.* 


Stockman!'. 0.07 to 0.09 0.144 to 04 
(Normal) (0.182 to (0.26 to 
0.310 gm.)t 0.264 gm.)t 


Hopkins'? 0.08 to 0.18 0.09 
(Normal) 
Howard and Stevens. 3.09 0.46 

(Hemochromatosis) 


Muir and Dunn’**.. 6.43 0.825 
(Hemochromatosis) (18.0 gm.)t 


Hess and Zurheile"*. 7.1 
(Hemochromatosis) (38.7 gm.)+ 


Anschiitz*.. 7. 
(Hemochromatosis) (55.7 gm.)t 


Trace 14.69 


Roth'* (Case 2)... 0.605 0.236 0.015 0.007 ileum 
(Hemochromatosis) 0.004 colon 


Roth"... 0.138 0.100 0.132 0.027 ileum 
(Pernicious anemia) _ -- - - 0.011 colon 


0.230 0.086 
(0.722 gm.)t (0.013 gm.)t+ 
0.14 7 


(Pernicious anemia, Case 2) 0.170 


140 
(0.411 gm.)t 


Stockman?!. 0.120 0.120 
(Addison's disease) (0.396 gm.)t (0.102 gm.)t 


(Cirrhotie and fatty liver) 0.006 colon 
0.145 0.304 | 0.022 ileum 
(Acute myeloid leukemia) 0.023 colon 


* Per cent. of dried substance in every case. 
+ Weight of iron in grams in whole organs. 


The weight of evidence seemed to favor the former supposition. 
Still many supported the latter theory and had to suggest the existence 
of some hemolytic agent which produces so much destruction of red 
cells as to cause an abnormal heaping up of the iron of the hemoglobin 


11. Stockman, R.: Brit. Med. Jour., 1896, 1, 1077. 

12. Hopkins: Quoted by Garrod, Quart. Jour. Med., 1913-1914, 7, 129. 
13. Muir, R., and Dunn, J. S.: Jour. Path. and Bacteriol., 1914-1915, 19, 226. 
14. Hess, O., and Zurhelle, E.: Ztschr. f. klin. Med., 1905, 57, 344. 

15. Roth, O.: Deutsch. Arch. f. klin. Med., 1915, 118, 224. 
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in the skin, the liver and other viscera, which in turn causes pigmenta- 
tion of the skin, cirrhosis of the liver and pancreas with signs of 
hepatic insufficiency and glycosuria. To such a theory there are of 
course many objections. First, that though abnormal amounts of iron 
exist in the lymph glands and in many of the parenchymatous glands 
of the body, these do not show cirrhosis. Secondly, all writers have 
noted an absence of anemia or any other change in the hemoglobin 
content, the total number of red cells or in the size, shape or staining 
reaction of the cells. This we can confirm, for in our case two blood 
counts for weeks before the death of the patient revealed a hemo- 
globin of 100 per cent. by Sahli’s instrument, and a red cell count of 
4,280,000 and 4,440,000 per c.mm. while the leukocytes and stained red 
cells were normal in every respect. 

Further, no observer, with the possible exception of Roth,’* has 
ever found clinical or postmortem evidence of this hemolytic process 
either in the special tests for hemolysis or in signs of regeneration in 
the bone marrow. It is true that in a few instances in the last few 
days or even weeks before death certain suggestive evidence of rapid 
blood destruction is available. Thus Hess and Zurhelle and Elmer have 
noted during life a hemoglobinuria, Letulle, Barth, Hanot, Blumer, 
Roth and others a mild purpura; Hindelang even a purpura hemor- 
rhagica, and Hernandez hematuria and epistaxis. Postmortem, Quincke, 
Buss, Hintze and Tillmanns found one or more of the following con- 
ditions: hemorrhagic pleurisy, hemorrhagic peritonitis, hemorrhagic 
pericarditis, hemorrhagic pachymeningitis or cerebral hemorrhage.*® 
These changes are no doubt the results of a terminal infection such 
as occurs in many chronic diseases, and in any event have been con- 
spicuous by their absence in the vast majority of the postmortems in 
hemochromatosis. 

Opie*’ gets around the absence of evidences of hemorrhages by the 
following ingenious supposition : 


It seems possible that associated with some primitive alteration of the blood, 
there is a tendency to local hemorrhage, the hemorrhages being merely secondary 
manifestations of the same disease of the blood which, associated with intra- 
vascular destruction of the red corpuscles, precedes the pigment deposition. 


This is of course pure speculation, and however attractive, has no 
foundation in fact. 

Gouget,** Roque, Chalier, Nove-Josserand, and more recently, 
Fiessinger and Laurent,”® have found a diminution of the globular 
resistance, though the latter authors noted that following on the appear- 


16. Beattie, J. M.: Jour. Path. and Bacteriol., 1904, 9, 117. 

17. Opie, E. L.: Jour. Exper. Med., 1899, 4, 279. 

18. Gouget, M. A.: Gaz. d. hép., 1910, 83, 1238. 

19. Fiessinger, N., and Laurent, L.: Ann. de méd., 1914-1915, 2, 129. 
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ance of an acidosis the globular resistance became increased. Roth,"® 
in 1915, described a case of supposed hemochromatosis (Case 1 of his 
paper) with a very marked anemia, high color index, and leukopenia ; 
the globular resistance was here also much increased. Though the 
necropsy revealed some pigmentation of the skin, an enlarged nodular 
liver, an atrophied spleen and a firm dark brown pancreas, we are 
inclined to doubt the validity of the diagnosis and would consider it 
one of cirrhosis of the liver in the course of which pernicious anemia 
or possibly Addison’s disease developed. 

We also studied the globular resistance of the cells in our case by 
Eppinger’s modification of Chauffard and Widal’s method ;*° hemolysis 
began at 0.36 and was complete a 0.30 instead of the normal figures, 
0.45 and 0.34, given by Hill.** In other words, three weeks before the 
death of our patient from acidosis the unwashed red cells showed a 
decreased fragility or increased resistance, as in the case of Fiessinger 
and Laurent. However, even if diminished globular resistance were a 
constant phenomenon it does not prove that the red cells have a shorter 
life than normal. 

Gouget and Fiessinger and Laurent have repeatedly tested the blood 
for evidence of hemolysis, but always with ‘negative results. Futcher’s 
case revealed the normal absorption bands of oxyhemoglobin and the 
urine was negative for hematoporphyrin. In Jeanselme’s** case the 
blood serum gave no hemoglobin spectroscopically. 

The urobilin and urobilinogen content of the urine and feces were 
studied in our case and were shown to be remarkably increased two 
or three weeks before death. It must be borne in mind that while a 
similar increase occurs in pernicious anemia and other conditions in 
which hemolysis is marked, it is also an index of perverted liver func- 
tion, and has been found by us in a variety of other conditions, as the 
hepatic engorgement of cardiac decompensation, acute cholecystitis and 
cholangitis and acute hepatitis. In other words, we believe that the 
extraordinary increase in the amounts of urobilin and urobilinogen in 
our case are indicative of a disordered liver function rather than an 
increased blood destruction. 

As we said before, all postmortem examinations of the bone-marrow 
and other hematopoietic organs have failed to reveal any signs of 
activity which one would certainly discover in the presence of an active 
destruction of the circulating red cells, such as takes place in pernicious 
anemia. Moreover, the distribution of the iron in hemochromatosis 


20. Elliot, C. A., and Kanavel, A. B.: Surg., Gynec. and Obst., 1915, 21, 26. 
21. Hill, L. W.: The Resistance of the Red Blood Cells to Hypotonic Salt 

Solution in the Various Anemias, THe Arcuives Int. Mep., 1915, 16, 809. 
22. Jeanselme, M. E.: Bull. et mém. Soc. méd. d. hép. de Paris, Series 3, 

1897, 14, 179. 
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and that of the hemolytic anemias, both the experimental and the 
idiopathic pernicious anemia, is quite distinct. In the former it occurs 
chiefly in the liver, pancreas and the retroperitoneal lymph glands, but 
also in certain peculiar sites as the heart muscle, the suprarenal cortex, 
the epithelium of the thyroid, etc. Muir and Dunn*™ found that the 
naked eye test for iron was almost negative in the kidneys, ileum and 
colon. Further, that in the kidney the microscopic iron was confined 
to the convoluted tabules and to some of the collecting tubules and 
Henle’s loops. Sprunt also found in his three cases, as did we in our 
case, that the iron was largely confined to the tubules in the outer 
portion of the cortex, in the collecting tubules, especially, and in the 
loops of Henle occasionally. Gaskell and Vaile* confirmed by serial 
sections the distribution of the pigment in the convoluted tubules of 
the second order and in the glomeruli. In pernicious anemia, on the 
other hand, the iron deposit is most marked in the liver, spleen and 
kidneys and can be accounted for there by a simple transference from 
the blood. 

Muir and Dunn* found that in the hemolytic serum anemia of 
rabbits the spleen contained three times and the liver five times the 
amount of iron present in normal animals; that when the anemia had 
been completely repaired the iron content of these organs was only 
slightly above normal. Dubin and Pearce,** on the other hand, in 
hemolytic serum anemia in dogs, noted that the iron of the liver and 
spleen was not more than double the normal. Further, in pernicious 
anemia iron is not found in the retroperitoneal and parenchymatous 
glands. Its distribution, too, in the kidney is quite unlike that noted 
in hemochromatosis, being present in greater quantity and practically 
confined to the convoluted tubules of the first order." This would sug- 
gest that in pernicious anemia there is an exaggeration of the normal 
deposition in the various viscera from the blood, while in hemochroma- 
tosis the iron is excreted by the glomeruli and reabsorbed by the tubules 
of the second order; and further, there is an apparent elective affinity 
on the part of the cells of the liver and certain of the parenchymatous 
glands for the iron, whether derived from the hemoglobin or from the 
food. 

In 1900 Meltzer*® suggested that hemochromatosis might depend 
on a perverted iron metabolism, and that by some fault in its mechan- 
ism the organs and cells of the body retain most of the iron which 
reaches them on the normal round of the blood stream. If this assump- 
tion be correct, an analysis of the urine and feces would reveal any 


23. Muir, R., and Dunn, J. S.: Jour. Path. and Bacteriol., 1914-1915, 19, 417; 
ibid., 1915-1916, 20, 41. 

24. Dubin, H., and Pearce, R. M.: Jour. Exper. Med., 1917, 25, 675. 

25. Meltzer, S. J.: Med. Rec., New York, 1900, 57, 43. 


i 


ER, 


1917 


HEMOCHROMATOSIS 909 


deviation from the normal. Parker,”* in 1903, doubting the evidence 
of an abnormal blood destruction, suggested that the excessive deposi- 
tion of iron was due to the accumulation of the products of the normal 
daily mortality of the red cells, which are in some way prevented from 
elimination by the death of the cells responsible for their removal. 

In spite of Meltzer’s valuable hint, it was not until 1913 that the 
first attempt at a metabolism study was published by Garrod and his 


associates.® 


We, however, feel that his study is open to criticism, as 
in the first place the iron intake of the food was apparently estimated 
from tables and not directly determined. Further, he considered that 
the iron content of the whole blood in his case, which was 48 and 
45 mg. per 100 c.c., was higher than normal, and therefore that there 
was iron retention in his case. Yet Fowell*’ had published the year 
before from the same hospital the results of his study of the iron con- 
tent of the whole blood in thirteen normal persons and found it to 
range between 51 and 55 mg., or an average of 54.5 per 100 cc. If 
one accepts this latter figure there was no evidence of iron retention 
in Garrod’s case. Curiously enough, Fowell also apparently studied 
the iron content of Garrod’s case (for the history and clinical data are 
identical) and found somewhat different figures, namely, 46 and 52 mg., 
both of which are below the normal average. Jeanselme found in the 
blood of his case eleven days before death an iron content of 54.2 mg., 
which is quite normal. At all events, Fowell’s and Garrod’s figures 
and ours show a definite decrease in the iron content of the whole 
blood, instead of an increased iron content, as Garrod believes. Garrod 
also found an absence of iron from the bile, urine and feces, which 
confirmed him in his suspicion that the iron was retained and not 
excreted in hemochromatosis. 

In our study the iron was excreted entirely in the feces and not 
even a trace was found in the urine. The amount of iron in the feces 
was small, it is true, and somewhat less than the amount ingested, but 
there certainly was not a marked retention. At all events, both Garrod’s 
and our case are in marked contrast to the findings in hemolytic jaun- 
dice, in which Pearce and his assistants** found the amount of iron 
eliminated before splenectomy was twice as great as that taken in the 
food. On the other hand, both in pernicious anemia of man?* and in 


26. Parker, G.: Brit. Med. Jour., 1903, 2, 1052. 

27. Fowell, P. H. C.: Quart. Jour. Med., 1912-1913, 6, 179. 

28. Goldschmidt, S., Pepper, O. H. P., and Pearce, R. M.: Metabolism 
Studies Before and After Splenectomy in Congenital Hemolytic Icterus, THe 
ArcHives Int. Mep., 1915, 16, 437. 

29. Pepper, O. H. P., and Austin, J. H.: Metabolism Studies Before and 
After Splenectomy in a Case of Pernicious Anemia, THe Arcuives Int. Mep., 
1916, 18, 131. 
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the experimental anemias of the laboratory** the elimination of iron is 
within normal limits, though following splenectomy in pernicious 
anemia as well as in hemolytic jaundice there is a marked decrease 
(40 per cent.) in the elimination of the iron. 

The total quantity of iron in the human subject of 60 to 70-kg. body 
weight is, according to Sherman,** about 3.0 gm., of which more than 
50 per cent. occurs in the hemoglobin molecule. Brugsch, O. David 
and Fowell have shown that iron exists in the blood independently of 
hemoglobin. Biernacki found that sometimes twice as much iron was 
found in the blood as was to be expected from the hemoglobin. Abder- 
halden concluded that hemoglobin is derived essentially from the 
organic iron compounds of the food, while inorganic iron, as given 
medicinally, acts mainly if not entirely as a stimulus. 

Sherman says: 

The iron of the food is absorbed from the small intestine, enters the circu- 
lation by way of the lymph and is deposited mainly in the liver, spleen and 
bone marrow. Its final elimination takes place mainly through the walls of 
the intestines. 

Schmidt™ concluded from his experiments with normal mice that 
the organism possesses great powers of conserving the iron and ot 
reutilizing it through some form of intermediary metabolism; he 
regards the liver as the depot of iron from the food and the spleen as 
the depot of iron from the tissue and red cell catabolism. 

In hemochromatosis the liver alone may contain from 18 to 55 gm., 
or a mean of 30 gm.; in other words, one hundred times that normally 
found in the entire body. 

As Muir and Dunn point out, there can only be one ultimate source 
of this excess of iron, namely, the food. The amount of iron in twenty 
American dietaries furnished according to Sherman is 12 to 19 mg. of 
iron a day, though Stockman** gives somewhat lower figures (8 to 
11 mg.). Further, the amount excreted in the feces and urine in health 
exactly corresponds to the amount ingested.** Recently Groh** has 
shown that by feeding pigs with “Blutmehl” an excess of iron in the 
food does not lead to an accumulation of iron in the tissues, but even 
here the intake and output are equal. 

But supposing for the sake of argument that in a disease like hemo- 
chromatosis there is a complete retention of the iron, as was believed 
by Garrod, it would take two years and nine months for 30 gm. to 
accumulate in the liver alone, even assuming that the subject was taking 


30. Sherman, H. C.: Chemistry of Food and Nutrition, 1915, Macmillan 


& Co., New York. 
31. Schmidt, M. B.: Verhandl. d. deutsch. path. Gesselsch., 1912, 15, 91. 


32. Stockman, R.: Jour. Physiol., 1895, 18, 484; ibid., 1897, 21, 55. 
33. Gréh, T.: Biochem. Ztschr., 1913, 53, 256. 
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in 30 mg. of iron a day, a higher figure than any diet is known to con- 
tain. The process may be a slower one, and only part of the ingested 
iron may be retained each day, let us say as little as was found in our 
case (2.5 mg. from an intake of 29.3 mg. in a five-day period), and 
then of course the length of time is correspondingly increased ; again, 
assuming that in our case the moist liver weighed 1,500 gm. (which 
would mean 250 gm. dried), it contained 7.72 gm. of iron; for the 
accumulation of this amount alone (deducting 0.2 for the amount 
usually present) it would require over forty years. It may be objected 
that in our diet the iron was only one-third of what it is normally, and 
only one-sixth of what it was in the former supposititious case; even 
so, at least six years would be necessary for the retention of 7.5 gm. 
in the liver of our patient. Such a long period of gradual accumula- 
tion of the ingested iron is of course a possibility that cannot be denied. 
But we were not able to detect any retention of the iron in the blood, 
and no more did Fowell, or Garrod and his assistants. How, then, can 
we explain the evident retention, however gradual and protracted it 
may be? The iron from normal hemolysis may be deposited in the 
tissues other than those of the hematopoietic system proper, on account 
of some special abnormal chemical affinity. of their cells for the iron, 
causing a greater drain on the food iron for the purposes of blood 
formation. This might result in a slight daily retention of the food 
iron with a normal or diminished iron content in the blood, as was 
found in our case. We, too, have been led into the realms of theory, 
for unfortunately we have no means of distinguishing the source of 
the iron, whether from hemoglobin or food, that we find in the tissues. 
Stockman" ventures the following suggestion: 

It seems that a portion of the iron of the liver forms an integral part of 
the protoplasm of the cells and of their nuclei and only changes as they change 
while another portion is, as it were, “floating iron” and supplies the metabolic 
needs of the organism. 

Still this again is largely theory and does not help us much. 

Sprunt and his associates** have shown experimentally the libera- 
tion of iron and pigment formation in the liver during autolytic degen- 
eration of the parenchymatous cells, independently of the hemoglobin 
of the blood; hence they believe these pigments may be derived from 
the protein constituent of the cell itself. Mackenzie Wallis* accepts 
this possibility and emphasizes more particularly the nucleoprotein 
moiety as the source of the iron. Garrod, however, is more skeptical 
and believes that the source of the accumulated iron is “the normal 
hemolysis which must be constantly going on in the organism.” 


34. Sprunt, T. P., Colwell, H. S., and Hagan, H. J.: Jour. Exper. Med., 
1912, 16, 607. 
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The total nitrogen of our patient was in perfect balance, and the 
nitrogen partition of the urine was normal. This proved the accuracy 
of our experiment, and further showed that our patient for these five 
days was in metabolic equilibrium. 

In spite of the normal nitrogen balance there was an average daily 
retention of 0.1301 gm. of sulphur. We are quite at a loss to explain 
this, and do not deem it advisable to offer any conjectures as being 
unscientific. The sulphur partition of the urine was normal. We will 
centent ourselves merely with the statement that our methods have in 
another experiment been proved accurate. 

It is believed that normally the liver has the ability to** combine the 
phenols with the sulphur to form ethereal sulphates. Any disturbances 
of liver function, therefore, would interfere with this process and result 
in a disturbed ratio of free and total phenols. In our case the ratio 
was perfectly normal. This may mean either that this function of the 
liver was not affected in spite of the marked anatomic and histologic 
evidences of hepatic injury, or that the test is not of value. From 
theoretical chemical grounds the latter is the more probable explanation. 


CONCLUSIONS 


No fundamental conclusion can be drawn from the small amount 
of data available from the literature and from our study. Much more 
work should be done on iron metabolism, both in health and disease. 
We can only say that in one case studied late in the course of the dis- 
ease there was evidence of a slight but definite retention of the food 
iron without any sign of undue destruction of red blood cells. Hemo- 
chromatosis may depend, therefore, on some injury to the liver result- 
ing in a hepatitis, and this in turn to a disturbance of the iron metab- 
olism, and so to a slight and prolonged retention of the iron both 
exogenous and endogenous. 


35. Foster and Kahn, M.: Jour. Lab. and Clin. Med., 1916, 2, 25. 
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POLYCYTHEMIA INDUCED BY TINCTURE OF 
CANTHARIDES 


PRELIMINARY REPORT * 


SAMUEL T. LIPSITZ, M.D. 
A. L. FUERTH, M.D. ann A. J. CROSS, M.D. 
ST. LOUIS 


In a case of tincture of cantharides poisoning which recently came 
under our observation,’ a pronounced polycythemia was discovered. 
Inasmuch as this is a hitherto undescribed phenomenon following the 
introduction of cantharides into the body, and in order to eliminate 
any possible error in technic, we determined to study experimentally 
the effect of cantharides on the blood. Though there are some sub- 
stances said to produce an increase in the number of red corpuscles, 
it is questionable whether any of them has been proved to produce an 
absolute and lasting polycythemia. 

Lamson,’ experimenting with epinephrin, was able to produce a 
rapid increase in the number of red corpuscles, but concluded that this 
was due to its specific action on the liver, causing a diminution in its 
size and a constriction of the hepatic capillaries. He, however, believes 
that when epinephrin is injected into the portal vein contraction of the 
liver capillaries takes place, and erythrocytes lying dormant in these 
vessels are thrown into the general circulation, which, with a synchro- 
nous reduction or concentration of the blood plasma, causes an 
increase in the number of erythrocytes per unit volume of blood. He 
concludes that the liver acts as a reservoir for erythrocytes. He has 
demonstrated that epinephrin, intravenously injected into a dog or cat 
causes an increase in the number of erythrocytes of 1,500,000 to 
2,000,000 per c.nun. of blood in from five to ten minutes, lasting about 
one half hour and then gradually returning to normal. It may be 
deduced from his results that the effect of epinephrin in producing an 
increase of erythrocytes in the blood is mechanical and transitory, 
really limiting itself to a redistribution of the mature blood elements 
and manifesting itself as a relative peripheral polycythemia with 


*Submitted for publication Aug. 4, 1917. 

*From the Service of the Department of Internal Medicine of the St. Louis 
University, School of Medicine. 

1. Lipsitz, S. T., and Cross, A. J.: A Case of Cantharides Poisoning with 
Special Reference to the Blood Picture. This issue, p. 889. 

2. Lamson, P. D.: The Processes Taking Place in the Body by Which the 
Number of Erythrocytes Per Unit Volume of the Blood Is Increased. Proc. 


Nat. Acad. Sc., 1916, 2, 365. 


Ms 

| 

7 

- 


914 LIPSITZ—FUERTH—CROSS ARCH. INT. wep 


transitory visceral anemia. It does not act through its effect on the 
blood-forming organs. Lamson was not able to obtain these results 
in similar experiments on rabbits. 

It has been found that asphyxia in any form, such as is produced 
by carbon monoxid gas, pulmonary obstruction, passive congestion due 
to heart lesions, etc., causes the number of red blood cells to increase. 
Variations in atmospheric pressure and in the oxygen content of the 
blood act likewise. Lamson* has shown that emotional stress, excite- 
. ment and fright may produce transitory polycythemia. Nicotin is also 
: said to have this effect on the blood. This is, most likely, due to its 
depressing action on the respiratory centers, causing partial asphyxia. 
Thus far, cantharides is not known to have this influence on the vaso- 
motor mechanism, the capillaries or the liver. 

Gruner* states that a transitory polycythemia may rapidly appear 
after the incidence of hemolysis. We are not prepared to say in what 
way cantharides produces an increase in the number of red corpuscles 
in the blood. Whether it acts by affecting the vascular system of the 
liver or the vasomotor mechanism, or whether it acts by hemolysis 
and the secondary elaboration of new cells, or by the stimulation of the 
reservoirs of red blood cells, or whether it activates primarily the 
blood-forming organs, we are at present unable to say. 

In our experiments we found that cantharides introduced into the 
stomachs of rabbits produced a definite polycythemia, not as transitory 
as that of epinephrin, but lasting in some instances as long as eight 
days. In each of twelve rabbits on which experiments were made, 
some increase in the number of erythrocytes per cubic millimeter was 
noted. In these animals as well as in the patient suffering from 
cantharides poisoning* a relative though in no way constant or char- 
acteristic increase in the number of leukocytes was also present. The 
hemoglobin percentage often rose and fell synchronously with the 
erythrocyte count. It is interesting to note that the erythremia became 
apparent within twenty-four to seventy-two hours after the introduc- 
tion of the cantharides. 

In the following experiments tincture of cantharides was adminis- 
tered to the animals through a soft rubber catheter inserted into the 
stomach. 


Rabbit Experiment 1.—First day (normal erythrocyte count), 6,111,000, fol- 
lowed by tincture of cantharides (15 minims). 

Second day (erythrocyte count), 8,740,000, followed by tincture of can- 
tharides (30 minims). This quantity was lethal, as the rabbit died twenty-four 
hours later. 


3. Lamson, P. D.: The Role of the Liver in Acute Polycythemia. Proc. Nat. 
Acad. Sc., 1915, 1, 521. 
4. Gruner, O. C.: Biology of Blood Cells, Macmillan Co., Toronto, 1913. 
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Necropsy Protocol.—The heart appeared normal; the trachea and lungs 
normal; the esophagus was injected and completely covered with a grayish- 
white eschar which could not be wiped off. The stomach showed two injected, 


irregular ulcers, 1 to 2 cm. in diameter. 


The liver showed some cloudy swell- 


ing. The kidneys were slightly enlarged and injected; the bladder was congested; 
urine cloudy, showing a great many white and red blood corpuscles and a few 


granular casts. 


The bone marrow appeared normal. 


Rabbit Experiment 2—Erythrocyte Count 


Ist day (normal)...... 5,560,000 


Followed by tincture cantharides 
(15 minims) 


4,910,000 
4,620,000 


9,800,000 
8,840,000 
7,970,000 
Days 
Erythro 
10,000,000 | N 
9,000,000 
8,000, 000 | 
7,000, 000 
6,000, 000 


5,000, 


Chart 1—Blood count and curve in Rabbit Experiment 2. 


In this and the 


following charts, C= tincture of cantharides. 


Rabbit Experiment 3—Erythrocyte Count 


lst day (normal)...... 6,550,000 


Followed by tincture cantharides 
(15 minims) 


8,670,000 
11,260,000 


7th day, rabbit developed a skin 
infection and had to be killed 


Rabbit Experiment 4—Erythrocyte Count 


Ist day (normal)...... 5,850,000 
Followed by tincture cantharides 
(15 minims) 


8,120,000 
7,560,000 
6,450,000 
6,620,000 
6,250,000 


Followed by tincture cantharides 
(15 minims) 


6,620,000 
7,230,000 
6,730,000 


6,250,000 
6,640,000 
6,980,000 
5,360,000 


Followed by tincture cantharides 
(20 minims) 


7,140,000 
7,050,000 
7,260,000 
6,600,000 
6,720,000 
6,990,000 
5,620,000 


Experiment 4 shows a very consistent response to the administra- 
tion of cantharides (see Chart 2). 
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Days 4 5 6 7 8 tt 12 13 14 15 17 18 19 20 2) 22 23 24 25 26 


Erythro 
10.000, 000 
9,000,000 


8,000, 000 


6, 000, 000° 7 
. 


Chart 2.—Blood count and curve in Rabbit Experiment 4. 


Rabbit Experiment 5.—Erythrocyte Count 


Ist day (normal)...... 5,660,000 5,890,000 
Followed by tincture cantharides ee 6,500,000 
(20 minims) 12th das 7 30, 
6,980,000 th day................ 130,000 
7,210,000 14th day....... .... 5,480,000 
Followed by tincture cantharides 
(20 minims) (Chart 3) 
Devs | 23 45 67 § FMW H 45 06 
Erythro 
10,000,000 
9,000,000 
8,000, 000 
7,000,000 
| 6,000 000 a A 
; Chart 3.—Blood count and curve in Rabbit Experiment 5. 
Rabbit Experiment 6—Erythrocyte Count 
Ist day (normal)...... 5,580,000 5,810,000 
: 2d day (normal)...... 5,720,000 Followed by tincture cantharides 
Followed by tincture cantharides (20 minims) 
(20 minims) 6,120,000 
6th day................ 5,010,000 5,290,000 
. 7,170,000 Followed by tincture cantharides 
} Sth day................ 5,650,000 (20 minims) 
Rabbit Experiment 7—Erythrocyte Count 
Ist day (normal)...... 6,100,000 .. 8,620,000 
2d day (normal)...... 6,320,000 9,440,000 
Followed by tincture cantharides 7,530,000 
(20 minims) 7th day ane 
8,010,000 8th day. 6,370,000 
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Experiment 7 showed a striking rise after the cantharides admin- 


istration (see Chart 4). 


Days 9.06 


Erythro 
1,000,000 


10,000,000 


9,000,000 


8,000,000 7 


1,000,000 


6,000 G00 


Chart 4.—Blood count and curve in Rabbit Experiment 7. 


Rabbit Experiment 8—Erythrocyte Count 


lst day (normal)...... 6,580,000 7,870,000 
2d day (normal)...... 6,690,000 a 7,360,000 
Followed by tincture cantharides ee ... 7,160,000 
(20 minims) 5,980,000 
.. 6,650,000 Oth day.... .... 6,120,000 
Rabbit Experiment 9.—Erythrocyte Count 
Ist day (normal)...... 5,850,000 Followed by tincture cantharides 
2d day (normal)...... 6,270,000 (15 minims) 
Followed by tincture cantharides 6,840,000 
(20 minims) se 7,040,000 
6,780,000 
llth day.... 6,690,000 6,010,000 
12th day................ (See Chart 5) 
Days ' 23 45 6 7 8 9 12 1D 415 19 20 22 23 
Erythro 
10,000,000 
9,000,000 


Chart 5.—Blood count and curve in Rabbit Experiment 9. 


In Experiment 9 it is shown that the increase in the number of red 
cells following the administration of cantharides continued for a period 
of from seven to eight days, which is longer than that usually follow- 
ing the use of other substances known to have this effect. 
be observed that after the initial rise, a secondary rise occurred in this 
as well as in some of our other experiments. 
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Rabbit Experiment 10—Erythrocyte Count 


Ist day (normal)...... 6,350,000 7,400,000 
Followed by tincture cantharides Sth day, rabbit died 


(20 minims) 


Necropsy Findings—Right upper lobe, lobar pneumonia; acute nephritis; no 
other striking findings. 


Rabbit Experiment 11—Erythrocyte Count 


Ist day (normal)...... 6,300,000 aes 6,760,000 

2d day (normal)...... 6,880,000 6,520,000 

Followed by tincture cantharides ae ES 7,590,000 
(15 minims) 


Rabbit Experiment 


Ist day (normal)...... 6,400,000 6,840,000 
2d day (normal)...... 5,850,000 ES eee 6,910,000 
Followed by tincture cantharides Ser 6,520,000 


(15 minims) 


CONCLUSIONS 


A definite polycythemia can be experimentally produced by can- 
tharides. 

This polycythemia may be brought about with a single dose and 
may continue as long as eight days, when administered as in the above 
experiments. 

It is probable that in some manner — possibly by hemolysis — it 
stimulates the blood-forming organs or brings about a concentration 
of the blood, for unlike epinephrin with its transitory action on the 
liver capillaries, it is slow to produce a rise in the number of red cells 
and slow to relinquish its effect. 
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OBSERVATIONS ON ACUTE MERCURIC CHLORID 
NEPHROSIS 


WITH A REPORT OF TWO CASES * 


WALTER R. CAMPBELL, M.A., M.D. 
TORONTO, CANADA 


( Tor.) 


In a recent classification of renal disease’ the kidney lesion induced 
by heavy metal poisoning is classed as a nephrosis on account of the 
fact that there is degeneration of the tubule cells without hematuria 
or rise in blood pressure. Certain other factors, however, make it 
advisable to class these cases as “special” nephroses, thus recognizing 
the fact that they do not exactly parallel the types of renal disease 
caused either by bacteria or by their toxins. Seen in man, they form 
the connecting link between the ordinary clinical types of Bright’s dis- 
ease and the varieties produced by experimental methods. The ana- 
tomic lesion in these cases is well described by Heineke,’? and consists 
in an acute degeneration of the tubule cells, principally of the proximal 
convoluted tubules, caused by the mercury in process of excretion 
through these cells. Very early there occur attempts at regeneration, 
with replacement of the degenerated epithelium by a flatter, less special- 
ized type of epithelium and, if the injury is not too great, complete 
recovery ensues. 

The anatomic lesion results in a functional incapacity, one expres- 
sion of which is the retention in the blood of nitrogenous and other 
waste products. This retention is readily detected and measured by 
the recently developed methods of blood analysis; and these methods 
have therefore been widely applied to the study of kidney disease. 
In spite of much study it has not yet been found possible to establish 
exact correlation between the specific renal injury and the variety or 
degree of retention presented. One reason for this is doubtless to be 
found in the fact that clinical nephritis seldom offers an injury of one 
limited type. It is therefore all the more necessary to utilize for study 
any case in the human subject where an approximately clearcut type 
is represented. Such an opportunity is afforded by accidental mercury 
poisoning. Accordingly, mercuric chlorid nephrosis in man has, of 
late, received no little attention from the chemical aspect. Owing to 


* Submitted for publication July 27, 1917. 
*From the Department of Pathological Chemistry, University of Toronto. 
1. Volhard and Fahr: Die Brightsche Nieren-krankheit., Berlin, 1914. 

2. Heineke, A.: Die Veranderungen der menschlichen Niere nach Sub- 
limatvergiftung met besonderer Beruchsichtigung der Regeneration des Epithels, 
Beitr. z. path. Anat. u. z. allg. Path., 1909, 45, 197. 
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the short duration of most cases, however, it is seldom possible to study 
on one person all the interesting features of the condition. Until we 
have attained a clearer idea of the relationship between the chemical 
and anatomic pathology of the kidney, therefore, a multiplicity of case 
reports is not merely unavoidable, but even desirable. This is the 
justification for the presentation of two new cases, one of which ended 
in recovery, the other in necropsy. 


REPORT OF CASES 


aie Case 1 (Medical No. 19852).—History—Miss R. S., a Hebrew, aged 19, 
single, V-para, was admitted to the Gynecological Department of the Toronto 
vg General Hospital Feb. 15, 1916, was transferred to the Medical Department 
Ay Feb. 18, 1916, and was discharged cured, May 1, 1916. 

.s The family history was not important. 

Past History—There were no illnesses other than measles. The patient 
denied venereal disease, alcoholic and drug habits. She had had five abortions 
(Wassermann reaction very strongly positive). 

Present Illness—On the night of February 11, she placed a mercuric chlorid 
tablet in the vagina to prevent conception. A marked swelling of the labia 
eccurred and the patient experienced general malaise, with great thirst. There 
was no vomiting or diarrhea, melena or abdominal pain. Soreness of the 
mouth and gums and a metallic taste in the mouth developed and, two days 
later, ulcers appeared on the tongue. 

On admission, in the afternoon of February 15, the temperature was 99.5, 
pulse 110, respirations 18. 

Examination——The patient was well nourished and did not appear acutely 
ill. There were several small ulcers on the tongue. The breath was foul, the 
vulva was markedly swollen and there were large areas of ulceration present 
on either labium and united anteriorly. Otherwise she was normal to physical 
examination. Mentally, probably an early case of dementia praecox. 

Urine: Catheter specimen, acid; specific gravity 1.010. No sugar. There 
was much albumin and epithelium, a few leukocytes and a few red blood cells. 
Blood pressure, systolic 120, diastolic 85 mm. Hg; red blood corpuscles, 
2,670,000 » white blood corpuscles, 18,400; hemoglobin, 48 per cent. (Sahli). 

Course—The patient became worse and exhibited signs of uremia. Head- 
ache, vomiting, subnormal temperature, drowsiness and stupor developed, with 
a slight puffiness around the eyes and slight pretibial edema. The urine was 
very scanty. 

February 18 venesection was performed and 500 c.c. of blood replaced by 
300 c.c. 2 per cent. magnesium sulphate. Diarrhea was present at this time and 
much blood was found in the stools. 

February 22 the patient was semicomatose, slightly irrational and had inconti- 
nence of both sphincters. After this date the patient commenced to improve. 
= Catheter specimens of urine were acid, of low specific gravity and contained 
! much albumin, granular casts and epithelium and a few white blood cells; no 

red blood cells. 

February 26 the first complete twenty-four-hour specimen was obtained: 
500 c.c., acid, pale, cloudy; specific gravity 1.011; albumin + + +, white blood 
cells, epithelium and granular casts. 

February 29 the patient vomited some stomach mucosa, but continued to 
improve. The specific gravity of the urine rose to 1.020 and the twenty-four 
hour quantity to 1,300 cc. Albumin was present but no other pathologic 
constituents. 

April 22 albumin was not found in the urine and thereafter the urine was 
normal. The blood pressure varied between 110 and 120 mm. Hg systolic and 
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80 and 95 diastolic. The temperature varied between 97 and 100 F. and was 
normal as a rule. The pulse rate varied between 65 and 110 per minute. The 
patient was discharged as cured May 1 and was well on leaving the city 
May 20, 1916. 

Treatment.—The patient was given much water and small quantities of milk 
until March 7, when she was placed on lactovegetarian diet. Hot packs were 
given thrice daily. Magnesium sulphate, 1 ounce, was given twice daily and 
compound solution of cresol douches once daily. Later Easton’s syrup was 
used to combat the anemia. 


LABORATORY RESULTS ON CASE 1 


The special laboratory work on this case was confined to analyses of the 
blood, of which six samples were obtained. In these the nonprotein nitrogen 
and creatinin were determined, the former by the trichloracetic acid method 
of Greenwald,’ using the Bock-Benedict* distillation method, the latter by 
Myers’* modification of the Folin method. In one specimen the sugar also 
was estimated, the method employed being Myers’* modification of the Lewis- 
Benedict method. 

February 18 the analysis of blood showed 232 mg. nonprotein nitrogen and 
12.5 mg. creatinin per 100 c.c. The creatinin value, it may be noted, is two and 
one-half times as great as that which Myers and Lough" believe to warrant a 
hopeless prognosis. From the clinical standpoint the patient became worse, 
but the blood on February 22 showed only 9 mg. creatinin per 100 cc. This 
decrease in the creatinin preceded noticeable clinical improvement and, Febru- 
ary 29, a further fall in the creatinin content of the blood to 5 mg. per 100 c.c. 
was feund. By March 9 the patient was much improved. The nonprotein 
nitrogen was 48 mg., the creatinin 5.7 mg. per 100 c.c. of blood; blood sugar 
at this time was 2 mg. per c.c. The improvement of the patient continued 
and the blood findings parallel the clinical condition, as is shown by the fol- 
lowing: March 29, nonprotein nitrogen 47 mg., and creatinin 3.5 mg. per 
100 c.c. of blood. April 11, nonprotein nitrogen 30 mg., and creatinin 2.1 mg. 
per 100 cc. These latter figures are at the upper border of the normal. 


DISCUSSION OF CASE 1 

The large amount of nonprotein nitrogen in the blood and its rapid 
fall in concentration as improvement commenced are worthy of note, 
but perhaps the creatinin values are, in the present case, of more par- 
ticular interest. 

Basing their work on the fact that of the three principal nitrog- 
enous katabolites — uric acid, urea and creatinin—the latter is the 
easiest to excrete, Myers and Lough’ have published a series of cases 
to show that creatinin retention is a reliable guide to prognosis. They 


3. Greenwald, I.: The Estimation of Nonprotein Nitrogen in Blood, Jour. 
Biol. Chem., 1915, 24, 61. 

4. Bock, J. C., and Benedict, S. R.: An Estimation of the Folin-Farmer 
Method for the Colorimetric Estimation of Nitrogen. Jour. Biol. Chem., 1915, 
20, 47. 

5. Myers, V. C., and Fine, M. S.: The Chemical Composition of the Blood 
in Health and Disease, Cooperstown, N. Y., 1915. 

6. Myers, V. C., and Bailey, C. V.: The Lewis and Benedict Method for the 
Estimation of Blood Sugar, with Some Observations in Disease, Jour. Biol. 
Chem., 1915, 24, 147. 

7. Myers, V. C., and Lough, W. G.: The Creatinin of the Blood in Nephritis: 
Its Diagnostic Value, Tae Arcuives Int. Mep., 1915, 16, 536. 
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say: “Creatinin values from 2.5 to 3 mg. (per 100 c.c.) may be viewed 
with suspicion, figures from 3 to 5 mg. regarded as decidedly unfavor- 
able, while over 5 mg. probably indicate an early fatal termination.” 
While agreeing with the general contention as to the seriousness of a 
high and increasing creatinin content of the blood in both acute and 
chronic cases of kidney disease, I believe attention should be drawn to 
the difference between the two types which makes the generalization 
more particularly applicable to chronic cases. In chronic nephritis the 
kidney change is almost wholly degenerative in nature, that is, dead or 
injured cells are replaced by less specialized tissue and regeneration 
is at a minimum. On the other hand, while degeneration is the pri- 
mary condition in acute renal disease, it is very rapidly followed by 
more or less complete regeneration. In chronic cases, therefore, the 
concentration of katabolites in the blood gradually increases with but 
little chance of decreasing, but, in the acute case, after the first accumu- 
lation of katabolites, due to a sudden degeneration of the tubule cells, 
the regenerated epithelium commences to excrete the katabolites more 
or less satisfactorily. In the present case nonprotein nitrogen and 
creatinin values were at first very high. Indeed, the latter rose far 
above the level at which, according to the previously quoted generaliza- 
tion of Myers and Lough, the prognosis should be hopeless. Never- 
theless, even while the clinical condition was still considered serious, 
the creatinin values fell abruptly and the case progressed to a most 
complete recovery. The fatal import Myers and Lough attach to blood 
creatinin values greater than 5 mg. may be justified in cases of chronic 
nephritis, but the generalization is evidently not applicable to any and 
every case of renal lesion. 

As the next case to be described terminated with all the symptoms 
of a uremia with nitrogen retention, it would appear likely that, in that 
instance, regeneration of tubule cells had not progressed with sufficient 
rapidity. 

Case 2 (Medical No. 20551).—History—Mrs. W. P., Canadian, aged 29, 
married, Il-para, was admitted to Ward H of the Toronto General Hospital, 
Feb. 26, 1917, and died March 4, 1917. The past and family history are not 
important. 

Present Iliness—Mercuric chlorid douches were advised by some person 
unknown. February 21, about 9 a. m., she dissolved two tablets (17.5 grains) 
of mercuric chlorid in a pint of water and used the solution as a douche, 
retaining the fluid until it burned. In the afternoon she was seized with 
abdominal pains which continued three days, and vomiting lasting one day. 
Swelling of the face and neck, sialorrhea and mercurial stomatitis and glossitis 
appeared. Complete anuria commenced February 23 and lasted four days. The 
patient was admitted to the Toronto General Hospital during the night of 
February 26-27, about 132 hours after using the mercuric chlorid solution. 
The temperature was 98.8 F., pulse 84, and respirations 20. 


Examination.—The patient was well nourished. The salivary glands were 
enormously enlarged. The tongue was swollen so much that she could not 
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close her mouth and she had difficulty in breathing. A large ulcerated area 
was present on the floor of the mouth, at the opening of the submaxillary 
salivary ducts, and several other smaller ulcers were present on the cheeks 
and tongue. Bloody-brown mucus and saliva dripped from the mouth in con- 
siderable quantity. The breath was horribly fetid. The patient was suffering 
greatly from thirst but was hardly able to swallow. The patient’s thoracic 
organs were normal to physical examination, except for rough breathing all 
over the chest, probably due to pharyngeal obstruction; the liver and spleen 
were not palpable. There was no abdominal distress. The nervous system 
was normal organically, but the sensorium was slightly clouded. Genito-Urinary 
System: The patient was 34% months pregnant. Anuria had been present for 
four days. Urine: Catheter specimen, 1.5 c.c., acid; albumin + +; reducing 
substance +; granular and hyaline casts and a few white blood cells. The 
urine was turbid from the amount of epithelium present. Systolic blood pres- 
sure, 130 mm. Hg; red blood cells, 4,800,000; white blood cells, 19,000. The 
Wassermann reaction was negative. 

Course——The patient was in the hospital six days. During the first three 
days there was apparently a clinical improvement as measured by an increas- 
ing amount of urine and a greater interest in her surroundings and cooperation 
in the treatment. The condition of the tongue improved so that she was able 
to breathe more comfortably and the intense sialorrhea decreased. On the 
days following, however, the patient became more tired, dull, apathetic, resented 
being disturbed by treatment, refused nourishment, the mind became clouded 
and, on the afternoon of the fifth day, a low grade delirium commenced and 
delay in answering questions became very marked. The reflexes remained 
normal, but occasional muscular twitchings were seen and the patient aim- 
lessly picked at one hand with the other. The inflammatory reaction around 
the submaxillary glands increased markedly on the fifth and sixth days. No 
edema of the body or fluid in the body cavities could be demonstrated. The 
cardiac condition remained fairly good and the lungs were normal five hours 
before death. The heart became more feeble, though not dilated; the lungs 
filled with edema, the patient became comatose and died at 5 p. m., March 4, 
1917. During the illness the respiratory rate was usually 18 per minute, rising 
to 24 per minute in the last twelve hours. The pulse rate varied from 90 to 
100 per minute. The temperature was 97 to 98 F. except on the first day. 
The last twenty-four hours it gradually fell to 95. The blood pressure was 
usually 130 systolic, and 70 diastolic, and once it was 140 systolic and 70 diastolic. 

Treatment—Treatment was based on the now well-known method advised 
by Lambert and Patterson,* in which strenuous efforts are made to get rid 
of the mercury by all possible channels. As mercury is eliminated by all 
mucous membranes, the colon was irrigated with tap water every four hours. 
In the meantime the patient received by the Murphy drop method, 1 drachm 
potassium acetate, 3 ounces glucose in 1 pint of physiologic salt solution. To 
avoid gas pains the Murphy drip tube was allowed to drip into a large funnel 
attached to the colon tube and held at a level of 10 inches above the bed. 

The patient received by mouth, imperial drink (a sweetened solution of 
potassium acid tartrate and lemon juice) plus 0.5 ounces lactose in each 8 ounces 
every two hours. Sugars were given by mouth and by rectum to reduce the 
protein catabolism. Nitrogenous substances were withheld, since the kidney 
was incapable of dealing with them. One intravenous injection of 600 c.c. of 
5 per cent. glucose solution was given on the fifth day. Hot packs were given 
twice daily. Gastric lavage, as a means of eliminating the mercury, was of 
course out of the question. Saline douches were given daily and mild anti- 
septic mouthwashes every three hours. 


8. Lambert, S. W., and Patterson, H. S.: Poisoning by Mercuric Chlorid 
and Its Treatment, THe Arcuives Int. Mep., 1915, 16, 865. 
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Necropsy.—Performed by Dr. Robinson. Clinical Diagnosis: Bichlorid of 
mercury poisoning; special nephrosis; uremia; edema of lungs. 

Anatomic Diagnosis—Edema and congestion of the lungs; fatty liver with 
cloudy swelling; acute special nephrosis; 3% months fetus; acute endometritis; 
stomatitis; gastritis; enteritis; colitis. 

Kidneys: Weight, 350 gm. The right is rather soft with a number of sub- 
capsular petechial hemorrhages. Section: The cortex is very pale with small 
reddish areas scattered throughout. The cortex is 6 mm., the medulla 5 cm., 
a little paler than normal. Cut margins roll out. The capsule strips readily 
and leaves a smooth surface. The left kidney is the same as the right. 

Prof. J. J. Mackenzie very kindly examined the sections and reports the 
following microscopic findings: 

Lungs: Show a slight miliary bronchopneumonia with edema and congestion. 

Gastro-Intestinal Tract: There are moderate acute inflammatory changes 
in the mucosa. 

Kidneys: Show no glomerular change. The tubules show evidence of degen- 
eration, granular casts plug the tubules, the epithelium is very granular and 
in many places has been shed. The nuclei of the tubule cells stain very well. 
There is considerable evidence of regeneration throughout the kidney. The 
small tubule cells are packed closely together, and in some cases masses of 
cells project out into the lumen. The lumina of the tubules is markedly dilated 
and there is a slight interstitial edema. The picture is that of the stage 
of repair. 

LABORATORY RESULTS ON CASE 2 

The urine was collected once daily by catheter. The patient voided spon- 
taneously on one occasion only (fourth day). Blood was taken for analysis 
by venipuncture on the morning of February 27, before active treatment com- 
menced, and immediately after death, March 4, by aspiration from the right 
auricle. 

Methods Employed—tThe reducing substance in the urine was estimated by 
Myers’* modification of the Lewis-Benedict picric acid method. Nitrogen was 
determined by Folin’s micro-Kjeldahl method,” after’ precipitation of the pro- 
tein by means of 25 per cent. meta phosphoric acid. Urinary chlorids were 
determined by a modified Volhard-Harvey method in the presence of the 
albumin. Creatin and creatinin were determined by Folin’s method. 

In the blood analysis the relative plasma volume was determined by Epstein’s 
method,” the nonprotein nitrogen and urea nitrogen by Folin’s later methods.” 
Blood sugar was estimated by Myers’ modification of the Lewis-Benedict 
method,* chlorids by the admirable method of McLean and Van Slyke,” creatin 
and creatinin were determined by Folin’s method as modified by Myers and 
Fine’ and using the precautions suggested by Hunter and Campbell.” The chief 
results are collected in Tables 1 and 2. Besides those there shown the following 
points are perhaps worthy of note. 

The urine was acid throughout the illness. No acetone or diacetic acid 
could be demonstrated. A specimen of urine previous to the poisoning was 
acid, specific gravity 1.025 and contained no albumin. 


9. Myers, V. C.: A Method for the Determination of Small Amounts of 
Sugar in Urine, Proc. Soc. Exper. Biol. and Med., 1915-1916, 13, 178. 

10. Folin, O., and Denis, W.: Nitrogen Determinations by Direct Nessler- 
ization. Jour. Biol. Chem., 1916, 26, 473, et seq. 

11. Epstein, A. A.: A Simplified Hematocrit and a Method for Determining 
Variations in Blood Volume. Jour. Lab.-and Clin. Med., 1916, 1, 610. 

12. McLean, F. C., and Van Slyke, D. D.: A Method for the Determination 
of Chlorids in Small Amounts of Body Fluids, Jour. Biol. Chem., 1915, 24, 361. 

13. Hunter, A., and Campbell, W. R.: A Hitherto Neglected Factor Affecting 
the Determination of Minute Quantities of Creatinin, Jour. Biol. Chem., 1916, 
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No mercury could be detected in 50 c.c. of saliva. Mercury was found in 
the first washings of the colon, but could not be found in the intestinal con- 
tents at necropsy. Sufficient urine was not available for daily tests, but a 
combined specimen for March 1, 2 and 3 showed the presence of large amounts 
of mercury. The Vogel and Lee™ test was used. 

Blood was never present macroscopically in the colon washings. Its pres- 
ence was demonstrable by the benzidin test, however. 

The carbon dioxid tension in the alveolar air was 30 mm. Hg by Marriott’s 


method. 
DISCUSSION OF CASE 2 


The Urine.—The specific gravity of the urine was low throughout, 
though it rose somewhat as the case progressed, reaching its maximum 
of 1.015 on March 2. In acute simple nephrosis, while salt excretion 
is markedly diminished, the nitrogen percentage is generally high (even 
as much as 3 per cent.).* In the present case, however, both salt excre- 
tion and nitrogen excretion were low, both in percentage and absolute 
amount. This is the usual picture in the acute special nephroses such 
as mercuric chlorid poisoning. Its explanation is not difficult to 
imagine. There appears to be pretty conclusive evidence that not only 
the nitrogenous substances, but also the salts’® are excreted by the 
tubule cells, and in particular, by those of the proximal convoluted 
tubule. In mercuric chlorid nephrosis all, or nearly all, of these cells 
have been poisoned by the mercury in the process of excretion, and 
consequently the cells are not in a condition to excrete either salts or 
nitrogen. 

The constant presence of albumin, hyaline and granular casts, and 
epithelium hardly calls for comment. No red blood cells or blood 
casts were seen and the benzidin test was negative after boiling the 
urine, thus indicating the probable absence of glomerular change (Vol- 
hard and Fahr'*). 

The reducing substance present in the urine is a curious feature 
in the case. Benedict’s qualitative reagent was reduced quite strongly, . 
and, as estimated by Myers’ modification of the picric acid method,° 
each specimen contained the equivalent of 0.3 to 0.4 per cent. of glu- 
cose. The reducing substance, however, would not ferment with pure 
yeast, nor would it yield an osazone or rotate polarized light either 
when cleared by filtration or mercuric acetate. Barfoed’s test, Reigler’s 
test, Nylander’s test, and the orcin and phlorglucin tests for pentoses 


14. Vogel, K. M., and Lee, O. L.: Detection of Mercury in the Excretions, 
Jour Am. Med. Assn., 1914, 62, 532. 

15. Basler, A.: Ueber Ausscheidung und Resorption in der Niere. Arch. f. 
d. ges. Physiol. (Pfliiger’s), 1906, 112, 203; Biberfeld, J.: Beitrage zur Lehre 
von der Diurese, 10, ibid., 1904, 105, 308; Brown, C. P.: On the Distribution 
of Potassium in Renal Cells. Trans. Canad. Inst., 1912, p. 389; Roehl, W.: 
Ueber Kalkablagerung und -Ausscheidung in der Niere. Beitr. z. path. Anat. 
u. z. allg. Path., Supp. 7, 1905, p. 456; Waschetko, N.: Ueber die Ausscheidung 
des Natriumferrocyanats durch die Niere beim Hunde, Ztschr. f. Biol., 1909, 
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and glycuronic acid were negative. When defecated with solid lead 
acetate neither filtrate nor precipitate appeared to contain a reducing 
substance. On the question whether or not this substance was being 
excreted before the poisoning we have no conclusive evidence. The 
patient’s previous medical attendant thinks not. 

The Blood—The estimation of the relative plasma volume was 
carried out on blood oxalated by the addition of 20 per cent. potassium 
oxalate ia the proportion of one drop to 3 c.c. of blood. This involves 
a certain degree of dilution, so that the plasma volumes found are a 
little too high. The error involved was determined in several instances, 
by direct comparison with herudinized samples of the same blood, to 
be about 5 per cent. The plasma volume of normal blood, oxalated 
in the way described, was never found to exceed 62 per cent.’** The 
present case with its observed plasma volume of 69 per cent. exhibited 
a definite hydremia. 

The values obtained for the nonprotein nitrogen and urea nitrogen 
are very high, but have been exceeded by cases of mercury poisoning 
reported by other observers — notably Myers and Fine.**? Underhill** 
has reported a case of recovery after a urea nitrogen level of 240 mg. 
per 100 c.c. 

As the patient was receiving no nitrogenous food, the increase in 
urea and nonprotein nitrogen is due wholly to metabolic destruction 
of bedy protein. If one is to judge from the temperature, there was 
no important toxic breakdown of body protein, and therefore the pro- 
tein was being used solely for the energy needs of the body. It was 
with the idea of sparing, as far as possible, such consumption of body 
protein that a carbohydrate diet was administered. It was hoped by 
this means to hold the concentration of nonprotein nitrogenous sub- 
stances in the blood at a low level until sufficient regeneration of the 
proximal convoluted tubule cells had taken place to permit of the kid- 
ney excreting them. 

On the first analysis there was a moderate hyperglycemia of 2 mg. 
per c.c. of blood or plasma, as was the case also in the previous patient. 
On the second occasion the blood sugar content of the whole blood and 
plasma had risen to more than four times and more than five times, 
respectively, the normal values. Though the case is not an isolated 


16. Corrected Value, 57 Per Cent. In this connection compare Keith, Rown- 
tree and Geraghty: A Method for the Determination of Plasma and Blood 
Volume, THe Arcuives Int. Mep., 1915, 16, 547, who find the same average value, 
using solid sodium oxalate as an anticoagulant. 

17. Myers, V. C., and Fine, M. S.: The Nonprotein Nitrogenous Compounds 
of the Blood in Nephritis with Special Reference to Creatinin and Uric Acid, 
Jour. Biol. Chem., 1915, 20, 361. 

18. Underhill, A. J.: Blood Urea in Renal Conditions, New York Med. Jour., 
1915, 102, 662. 
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instance, it is not common for the plasma sugar to be so much greater 
than the whole blood sugar. While hyperglycemia, as has been shown 
by Myers and Bailey,® is frequently enough encountered in kidney dis- 
ease, it does not appear to be an invariable accompaniment of the 
nephrosis caused by heavy metal poisoning. In fact, in the latter con- 
dition hypoglycemia seems to be as frequent as hyperglycemia. 
Frank,’® for instance, refers to the frequency of glycosuria without 
hyperglycemia in experimental heavy metal nephrosis. Cohen and 
Bernhard,” in their case of mercury poisoning, found hypoglycemia 
with 1.5 per cent. of sugar in the urine. On the other hand, Lewis 
and Rivers** found a moderate hyperglycemia, but account for its pres- 
ence by the therapeutic measures adopted. This consideration does 
not arise in either of the present cases, which, incidentally, are the 
only cases on our records showing a hyperglycemia with uncomplicated 
renal disease. 

It is obvious from the patient’s general condition that estimations 
of Ambard’s coefficients were impossible. A certain amount of interest, 
however, attaches to the determinations of the chlorids of the plasma 
and the urine. In the ordinary case of simple nephrosis the patient is 
unable to excrete chlorids and often develops an enormous anasarca. 
In the special nephrosis, which includes mercury poisoning, the excre- 
tion of sodium chlorid is small, but demonstrable edema is, as a rule, 
absent. Woods* and Lewis and Rivers** have reported cases of mer- 
curic chlorid poisoning with very low blood and plasma chlorids. 
Heineke and Meyerstein** found low concentrations of chlorids in 
experimental chromate nephrosis. The initial analysis in the present 
case showed a normal concentration of chlorids in the plasma, but at 
the exitus the plasma chlorid value was markedly below the normal 
threshold value of 5.62 gm. per liter. McLean* has reported a case 
of uremia showing a similar course. The explanation offered by 
McLean for his case, namely, that the low plasma chlorids resulted 
from the developing acidosis, is a possible one in this case, since a defi- 
nite acidosis was demonstrated by low alveolar carbon dioxid tension. 
Other possible explanations appear to be inadequate. In view of the 


19. Frank, E.: Ueber experimentelle und klinische Glykosurien renalen 
Ursprungs, Arch. f. exper. Path. u. Pharmakol., 1913, 72, 387. 
20. Cohen and Bernhard: A Case of Mercurial Poisoning with Recovery, . 
Jour. Am. Med. Assn., 1916, 66, 1019. 
21. Lewis, D. S., and Rivers, T. M.: Chemical Studies on a Case of Bichlorid 
Poisoning, Bull. Johns Hopkins Hosp., 1916, 27, 193. 
22. Woods, A. C.: Studies of the Nitrogen Partition in the Blood and Spinal 
a1 Fluid, Tae Arcuives Int. Mep., 1915, 16, 577. 
S 23. Heineke, A., and Meyerstein, W.: Experimentelle Untersuchungen iiber 
den Hydrops bei Nierenkrankheiten, Deutsch. Arch. f. klin. Med., 1907, 90, 101. 
24. McLean, F. C.: The Chlorids of the Plasma in Uremia, Proc. Soc. Exper. 
Biol. and Med., 1915-1916, 13, 166. 
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constancy of the relative plasma volume, the suggestion of Georgo- 
pulos,** that hydremic plethora accounts for the low plasma chlorids, 
cannot be accepted. It seems equally unlikely that the low plasma 
chlorids are the effect of a developing pneumonia,” for the broncho- 
pneumonia in this case was slight and very recent. Considering the 
high initial and low final chlorid content of the plasma, I cannot agree 
with Lewis and Rivers that the low chlorid excretion was due to the 
concentration of plasma chlorids being below the threshold value. 

The data on the creatinin of the blood deserve perhaps some com- 
ment. Hitherto attention has been paid to the concentration of this 
substance in the whole blood only, but it is selfevident that, on the 
side of the blood, the factor immediately affecting the excretion of 
any substance is its concentration in the plasma. This may or may not 
be the same as the concentration in the whole blood. As a matter of 
fact, a long series of analyses made in this laboratory*’ have demon- 
strated that the creatinin, as determined by the method of Folin, is 
practically always at a lower concentration in the plasma than in the 
whole blood. Out of 125 instances, normal and pathologic, examined, 
only three (all pathologic and all showing at least 18 mg. per 100 c.c.) 
have proved to be exceptions to this rule. One of these exceptions is 
offered by the case now under consideration. At the first examination 
the whole blood creatinin and plasma creatinin are each about eight 
times the normal values and the whole blood contains twice as much 
as the plasma. At death, however, while the whole blood creatinin 
had increased to 21.3 mg., the plasma creatinin was even greater. It 
would therefore appear that, as the blood creatinin rises, the substance 
accumulates for a time, not only in the plasma, but also in the cor- 
puscles; but that there is a limit to the amount which the corpuscles 
can take up. When that limit is passed the usual relation becomes 
reversed and the plasma creatinin is higher than that of the whole 
blood. In all three instances of this phenomenon that have come to 
my observation the plasma creatinin was over 20 mg. per 100 c.c. 
Whether this represents a real limiting Concentration of general sig- 
nificance remains to be determined. In any case it is obvious that the 
figures for the plasma reveal much more strikingly than do those for 
the whole blood the rapidly increasing resistance of the kidney to the 
25. Georgopulos: Experimentelle Beitrage zur Frage der Nieren Wasser- 
sucht, Ztschr. f. klin. Med., 1906, 60, 411. 

26. McLean, F. C.: The Numerical Laws Governing the Rate of Excretion 
of Urea and Chlorids in Man, II, Jour. Exper. Med., 1915, 22, 366. 

27. Hunter, A., and Campbell, W. R.: The Distribution of Creatinin and 
Creatin Between the Corpuscles and Plasma of the Blood, Proc. Am. Soc. Biol. 
Chem., December, 1916; Jour. Biol. Chem., 1917, 18, 29; and further unpublished 
data. 
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passage of creatinin.** So far as I am aware, these are the first data 
to be published on the plasma creatinin in renal cases. 


I wish to thank Dr. Ross for permission to study and report these cases, 
Professor Mackenzie and Dr. Robinson for permission to use their notes, and 
my chief, Professor Hunter, for his assistance and advice. 


28. For a further discussion of the relationship between the whole-blood . 
creatinin and plasma creatin creatinin see a forthcoming paper by Hunter and 
Campbell (Jour. Biol. Chem., November, 1917). It will there be shown, in 
agreement with the views of Wilson and Plass (Wilson, D. W., and Plass, E. D.: 
Creatin and Creatinin in Whole Blood and Plasma, Jour. Biol. Chem., 1917, 
29, 413) that the method of Folin, though giving correct values for plasma, 
exaggerates the creatinin content of whole blood, and that with the technic 
of Myers, as employed in the work here reported, this effect is even more pro- 
nounced. The contrast between the plasma creatinin and the whole blood 
creatinin of Case 2 was, therefore, in reality more remarkable than the figures 
would make it appear. The limiting value at which the plasma creatinin exceeds 
that of the corpuscles is for the same reason probably considerably lower than 
20 mg. In fact, since the foregoing was written, one case, at least, has been 
encountered in which a blood containing, according to the original Folin technic, 
3.76 mg. yielded 2 plasma with 3.85 mg. of creatinin. 


| 
- 
ii 
. 
= 
hate 


BER, 


1917 


STUDIES ON ACIDOSIS 


THE IMMEDIATE CAUSE OF DEATH, AND REMARKS ON THE ACIDOSIS OF 
NEPHRITIS * 


JAMES L. WHITNEY, M.D. 
SAN FRANCISCO 


The immediate cause of death is a subject of great practical as 
well as scientific interest. The essential similarity in the condition of 
most patients within a few hours of death is well recognized, yet the 
underlying causes of collapse, and even such physiologic sequences as 
the state of the circulation, the respiratory apparatus, etc., are either 
unknown or but vaguely understood. Why does an organism which 
has succeeded in carrying a load of disabilities for perhaps many years 
break down and cease to functionate at one particular time rather than 
another? On the answer to this question must depend any rational 
treatment. 

We must first inquire just what is meant by death. The body as a 
whole may be said to have died when both respiration and heart beat 
have permanently ceased. But we know that the heart possesses a 
wonderful intrinsic power of contraction, and that long after so-called 
death a heart which has stopped beating may be made to resume its 
action either by artificial respiration or even by perfusion of the excised 
organ with suitable fluids. This is doubtless to be explained on the 
assumption that the heart itself is not dead, but that its action is 
inhibited for the time being by soluble substances, the asphyxial waste 
products of its own metabolism and function. The respiratory center, 
however, has no such power of resistance. It is known that the ner- 
vous centers are extremely sensitive to asphyxia, and that none of 
them will survive lack of appropriate blood supply for more than about 
eight minutes. After this time resumption of function is impossible 
even though circulation returns. Evidently, then, the death of the 
respiratory center is the essential element in the death of the body as 
a whole. In accordance with this it is well known that the respiration 
fails in the great majority of cases many minutes before the heart stops 
beating. In certain cases, of course, circulatory conditions may be the 
primary cause of death with failure of the respiration following imme- 
diately from lack of blood supply to the center. Thus, trauma to the 
heart, ventricular fibrillation, and perhaps other abnormalities of the 
heart-beat mechanism, may bring death as well as peripheral causes 


* Submitted for publication July 12, 1917. 
*From the Department of Medicine and the George Williams Hooper 
Foundation for Medical Research, University of California. 
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such as large hemorrhage, embolism, intracranial pressure higher than 
systolic pressure, etc. 

In considering causes of death of the respiratory center we will put 
to one side primary failure in blood supply, also failure of oxygenation 
(asphyxia, drowning, gas poisoning) and trauma to the center itself. 
We shall still be left with the great majority of cases of death, and in 
these it seems evident that the failure of the respiration is due to 
soluble poisons acting on the center itself. Many drugs, of which mor- 
phin is an example, have a powerful depressing effect. Others, such 
as acids of any kind, have a primary stimulating effect, but in larger 
doses cause paralysis and death. It has been rather vaguely assumed 
that in morbid states certain soluble poisons accumulate which act in 


this way on the respiratory center, but little is known as to the nature ’ 
of such poisons. Even in the case of the nitrogenous retention of 

nephritis we do not know which are the toxic bodies. Whipple’ has | 
shown that the cause of death in intestinal obstruction and probably ’ 


in pancreatitis, peritonitis and other conditions is a toxic proteose, but 
it is not clear whether it is this proteose itself which poisons the respi- : 
ratory center or some one of the products of the vigorous catabolism : 
which the proteose causes in all the tissues of the body. Very little is 

known as to the nature of the poisons of infectious diseases and next 
to nothing about the supposed toxins liberated by malignant growths. 

Vaughan’s work on split products of proteins and Jobling’s on non- ; 
specific intoxications give promise of further development of the 
highest importance. 

It is evident that an enormous amount of research will be needed 
to clear up the problems suggested in this field, and the following 
paper is only a preliminary report on one phase of work being done 
by several investigators in these laboratories. The subject of protein 
catabolism in terminal conditions has already been attacked by Whipple, 
Cooke’ and others by study of the incoagulable nitrogen in the blood. 
The cases of the present series have yielded some interesting data in 
regard to nitrogenous metabolism, but anything like a complete dis- 
cussion must be reserved for the future, and the matter will be barely 
mentioned here. 

In applying the convenient Van Slyke? method for estimating 
acidosis it was noticed that in a wide variety of cases the test ran 


1. Whipple, Rodenbaugh and Kilgore: Intestinal Obstruction. V. Proteose 
Intoxication. Jour. Exper. Med., 1916, 23, 125. Cooke, Rodenbaugh and 
Whipple: Intestinal Obstruction. VI. A Study of Noncoagulable Nitrogen of 
the Blood. Ibid., 1916, 23, 717. 

2. Van Slyke, D. D.: Proc. Soc. Biol. and Exper. Med., 1915, 12, No. 7. 
(Since the present paper was written Van Slyke’s method has been described 
in full, with a series of papers on its application and on various aspects of 
acidosis, written by Van Slyke and associates (Jour. Biol. Chem., 1917, 30, 289, 
ff). For theoretical discussion of the whole matter the reader is referred to | 


this series.) 
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parallel with that intangible but clinically fairly definite entity known 
as “condition”— the sicker the patient the more likely he was (with 
important exceptions). to show acidosis. It was soon found that the 
majority of patients at the moment of death show a very marked 
acidosis. 

THEORY OF ACIDOSIS 


The fundamental theories of acidosis have been so often presented 
in recent writings® that it is hardly necessary in this place to cover the 
ground anew. The most essential elements in the question are (a) the 
mixture of salts in the blood (and body as a whole), of which the most 
important are the phosphates and the carbonates and dissolved carbon 
dioxid, which mixture shows (b) a very high resistance to change of 
reaction, its so-called “buffer-value”; (c) the action of the carbon 
dioxid as the easily variable factor in the complex, at the same time 
activating and being itself regulated by the respiratory center; (d) the 
strict proportion always found between the various radicals in this 
complex, and hence the propriety of measuring the total carbonates in 
the blood as a substitute for the alveolar carbon dioxid; (¢) the inverse 
relationship between alveolar carbon dioxid, hence total carbonates, 
and the degree of acidosis. 

In the production of acidosis two factors are of importance: (a) the 
rate of appearance of acid ions in the body, and (b) their rate of 
elimination. The latter is again dependent on (a) factors of kidney 
sufficiency, (b) other methods of elimination as by bowel, sweat glands, 
etc., and probably (c) certain factors having to do with the affinity of 
the tissues (including the blood itself) for the various radicals. 

As to this last point, it may safely be predicted that the research 
of the next few years will reveal facts of the greatest importance. 
There is much reason to believe that a great many of the phenomena of 
elimination and retention, hitherto explained on the basis of selective 
action of the kidneys, lowered efficiency, etc., will be found to depend 
on the giving up or holding back of these substances by the tissues and 
the blood. In other words, that a kidney eliminates within the limits 
of its efficiency those substances which are available in the blood for 
elimination, and fails to eliminate others which are bound to protein 
or other substances in tissues and blood by affinities which cannot easily 
be broken. 

SHOCK 


This conception is of great importance in relation to acidosis, and 
especially in relation to conditions of so-called shock, including in this 


3. For a rather elementary review of the principles of acidosis and for a 
bibliography reference may be made to an article by me in the Boston Med. 
and Surg. Jour., 1917, 177, 225. 
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category most cases of impending death from any cause. To make 
this assumption of identity between shock and other terminal states 
may perhaps seem like begging a very important question. I know of 
no definition of shock, however, which does not include the ordinary 
features of death from most nonsurgical causes such as infection, 
nephritis, tumor, etc., for example, rise in pulse, fall in blood pressure, 
failure of fluid metabolism, hippocratic facies, dyspnea followed by 
gasping respiration, etc. In default of proof to the contrary it would 
seem a safe working hypothesis that the same physiologic processes 
may be going on in all such cases. 

While it is impossible in this place to enter on the very controversial 
questions as to the cause of shock, a brief reference to the salient points 


seems desirable. The fundamental facts of the behavior of the cir- 
culatory apparatus in this condition have been established by Yandell 
Henderson* and amply confirmed by others, though Henderson’s : 


assumption of acapnia, the result of overventilation, as the usual pri- 
mary cause of these phenomena, has received little support. His proof 
is definite, however, that in the first stage of shock there is a loss of 
venous tone with accumulation of a “lake” of blood in the great venous 
plexuses and the consequent failure of venous return to the heart. 
For this reason the heart output is diminished to a point where the 
tissues begin to suffer from asphyxia, and eventually blood pressure 
falls, which up to this time has been maintained by a vigorous over- 
action of the arterial vasomotors, compensating for decreased cardiac 4 
output. At about this time a crisis occurs, and it is found that efforts 
to restore blood pressure by increasing the volume of blood (infusion, 
transfusion) will be only temporarily successful, since the fluid no ’ 
sooner enters the vessels than it streams out into the tissues and the 
volume in circulation falls again within a few minutes to the point of 
insufficiency. 

The first stage of shock, that of venous stasis alone, may or may 
not be of common occurrence in other than surgical conditions, but 
there is every reason to believe that the crisis referred to above does 
occur in a wide variety of conditions, and that this last stage where 
there is a violent imbibition of fluid by the tissues with depletion of 
blood volume represents the terminal event in the majority of cases of 
death. The reason for this failure of the fluid to remain in the vessels 
is naturally of the first importance. Henderson believes it to be the 
result of asphyxia of the tissues, and assigns as intermediate in the 
process the acid products known to be formed where oxygenation is 


4. Henderson, Y.: Acapnia and Shock. VII. The Failure of the Circula- 
tion. Am. Jour. Physiol., 1910, 27, 152. 
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insufficient. In this he follows Martin Fischer® in his well-known 
theory that the tissues of the body show the same tendency that is 
observed in other colloids to imbide fluid when subjected to the influ- 
ence of dilute acid. This again is a highly controversial question, but 
the results reported in the present paper are certainly of interest in 
this connection. For if the blood almost without exception shows 
acidosis in conditions which we believe to be indistinguishable from 
this final stage of shock, this must not only represent an acid condition 
of the tissues, but, since the acid comes from the tissues and is not 
formed in the blood itself, represents actually a higher acidosis in the 
tissues than is found in the blood. Fischer, and, following him, Hen- 
derson would have us believe that this tissue acidosis is primarily the 
cause of the demoralization of the circulation in terminal states. It is 
perhaps worth pointing out, however, that it is by no means proved 
that the one condition is dependent on the other, but that both may be 
the result of other factors of unknown nature. 

To return to the causation of acidosis in general: It is evident that 
there may be at least two classes of cases showing this condition: first, 
those of overproduction of acid, as in diabetes, starvation, cyclic vomit- 
ing, the acidosis of violent exercise, mountain-sickness, etc., and second, 
those of retention of acids with or without overproduction, whether 
due to failure of kidney function or to abnormal affinities of the tissues. 
It will of course often be difficult to determine whether certain cases 
belong in one class or the other, and in cases where both factors 
operate, to decide which is of greater importance. 


EFFECT OF ACIDOSIS ON THE RESPIRATORY CENTER 


The effect on the respiratory center of increase of acid radicals in 
the blood has been already referred to as being primarily stimulation, 
eventually paralysis. It is to be remembered that any ordinary increase 
in acid radicals in the blood is almost entirely compensated for by loss 
of carbon dioxid, so that the existence of a certain degree of so-called 
acidosis need imply but little increase in hydrogen-ion concentration. 
When the acidosis becomes more marked, however, this compensatory 
mechanism is bound to break down, and we shall at this time see the 
physiologic effect on the respiratory center of the rising hydrogen-ion 
concentration. It makes little difference whether this finally increased 
acidity is due to carbonic or to other acids. Since the work of Haldane, 
Barcroft, Hasselbalch and others it has been believed that the respira- 
tory stimulus depends on hydrogen-ion concentration alone, irrespec- 
tive of the nature of the acid radicals involved. Hooker* has recently 


5. Fischer, Martin: Edema and Nephritis, New York, 1915. 
6. Hooker, Willson, and Connett: Am. Jour. Physiol., 1917, 48, 351. 
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arrived at results by perfusion experiments which lead him to believe 
that carbon dioxid has a stronger action on the respiratory center than 
other acids. The question is a difficult one, but at any rate the differ- 
ence, if such exists, is quantitative, not one of kind. 

In observing the effect on animals of increased hydrogen-ion con- 
centration (whether by introducing a fatal amount of fixed acid or 
by increasing the carbon dioxid in the blood) one is struck by the 
similarity in the manner of death to that observed in clinical cases. 
As death approaches the breathing becomes more rapid and deeper 
until dyspnea is violent; then rather suddenly follows a break into a 
gasping, irregular respiration, less and less effective in keeping down 
the rapidly mounting carbon dioxid of the blood, and eventually respi- 
ratory paralysis. 


THE DEGREE OF ACIDOSIS NECESSARY TO CAUSE DEATH 


In order to test the degree of acidosis necessary to cause death, as 
expressed in terms of blood carbonates, we have introduced dilute 
hydrochloric acid into the stomachs of three rabbits causing death in 
from one half to one and one half hours. Beforehand the Van Slyke 
readings were 47, 51 and 52, respectively. Blood taken at time of death 
showed 12, 14 and 16. These figures are of the same order as many 
of those taken from patients, showing that in certain of these at least 
the acidosis alone was a sufficient cause of death. 


REPORTS OF CLINICAL CASES 


In the series here reported the cases were entirely unselected. The 
interns were asked to procure a specimen of oxalated blood by heart 
puncture in every case of death from any cause, most of the specimens 
being obtained within ten minutes after that event. Many specimens 
were also taken from patients in bad condition and from others not in 
bad condition where an eventual fatal outcome was possible. At first 
only the Van Slyke test was applied, but in the later specimens of the 
series the incoagulable nitrogen and blood urea were estimated as well.’ 

Table 1 gives in abbreviated form the results of this study, showing 
the presence of a more or less marked terminal acidosis in a wide 
variety of conditions. For the sake of emphasis only the Van Slyke 
readings at time of death are given, arranged in order of the degree of 
acidosis found. According to Van Slyke a reading of 50 is the lower 
limit of normal, and anything below this point may be taken to indicate 
acidosis. 


7. For great assistance in these latter determinations I have to thank Dr. 
J. V. Cooke. 
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DECE 'BER, 1917 TABLE 1.—Btoop Carsonates Measurep at Time or Deatu 


ry Diagnosis Carbo. 
1 10437 | *Pernicious anemia, bronchopneumonia............ 5.0 
42 12946 | *Enlarged prostate, postoperative pneumonia................ 8.0 
2 11426 tPernicious anemia, probable pneumonia....... iituterkeetune 9.0 
46 12978 | *Chronic nephritis, acute pleurisy...... shepeteneseooneseestere 12.5 
83 1411 *Myocarditis, bronchopneumonia 
3 11114 *Pernicious anemia, bronchopneumonia....................+.- 16.5 
4 11491 *Perniciois anemia, miliary tuberculosis............... — 16.5 
41 10804 *Pyonephrosis, bronchopneumonia 19.0 


o 


*Chroniec nephritis, 


*Otitie meningitis, bronchopneumonia............. 


*Acute yellow atrophy, bronchopneumonia................... 


*Postoperative bronchopneumonia 


tBronchopneumonia ................ 23.0 


tPostoperative peritonitis, 


*Postoperative peritonitis, bronchopneumonia............... 


12782 *Carcinoma liver, endocarditis. 29.5 


8 8 


"Postoperative peritonitis, 

12743 *Myxedema, bronchopmeumonia $1.5 
68 11118 33.0 
69 11143 | *Carcinoma stomach, bronchopneumonia.................... 33.5 


?Carcinoma stomach, 


*Carcinoma esophegus, bronchopneumonia................... 


*Postoperative bronchopneumonia 


*Cardiac disease, 


*Pernicious anemia, acute 


*Chroniec valvular disease, sudden 


*Patal hemoptysis 54.5 


*Gastric tetany ....... 61.5 


* Necropsy diagnosis. ¢ Clinical diagnosis; necropsy refused. 3? Specimen taken at 


time of death. § These are the series numbers in Tables 2 to 8. 


11004 *Pernicious anemia, 19.0 # 
(21.0 a 
61 
18 12218 
62 0800 
n 
32 10052 34.0 
a4 12696 | 3.0 
7 11224 | 36.0 
20 190 
12919 | 30 
35 
8 30.0 
36 
87 
75 11082 
65 12300 hs, 
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From Table 1 the main thesis of the present paper is evident at a 
glance. Out of forty cases of death from different causes, all except 
three showed a more or less marked acidosis at time of death. In many 
of these the acidosis was of such degree that this alone could have led 
to respiratory paralysis, and this factor may therefore be assumed to 
have been the immediate cause of death. In other cases the acidosis, 
though present, seems hardly of a fatal degree, and we must suspect 
that other toxic factors have cooperated in the fatal result. 

Beside the three patients showing readings above 50, one other 
(Case 37) was just below the line and had no greater acidosis at death 
than he had previously shown. This patient, an old cardiac case, died 
suddenly while standing by his bed, probably of ventricular fibrillation, 
for it was observed that he continued to breathe for some time after 
his heart had stopped beating. One patient (Case 75) bled to death 
suddenly in a large hemoptysis. Evidently in these two cases there was 
no intoxication of the respiratory center. Cases 65 and 66 were both 
cases of gastric tetany and confirm in a striking way the assertion that 
this condition shows a so-called alkalosis (Table 7). Both cases show 
also a very high incoagulable nitrogen, being similar in this respect to 
cases of intestinal obstruction. These interesting observations must 
pass without further comment here, since the intoxication of gastric 
stasis is being studied further and will be considered in later reports 
from these laboratories. 


Having thus established the fact of a terminal acidosis in the 
majority of cases of death, we may turn to a more detailed examina- 
tion of the data from these and other cases for interesting suggestions 
as to the origin and significance of this acidosis. For this purpose I 
have divided the cases into groups on the basis of diagnosis, adding to 
the fatal cases of Table 1 certain others of a similar nature which were 
not fatal or which were not studied in the final stage. 


ANEMIA 


Table 2 shows a number of cases of severe anemia of which the 
first seven were fatal. The severity of the terminal acidosis in these 
cases is striking, six of the seven having readings below 20. In each 
of these there was a severe infection. That severe anemia without 
infection does not necessarily show acidosis is proved by the earlier 
readings of Cases 1, 2 and 6, in one case quite normal, in the other 
two nearly so. It is also shown by Cases 8, 9 and 10. Evidently, if 
anemia is not a prime cause of acidosis, the latter must be the result 
of something else, in these cases doubtless the infection. The extreme 
degree of the acidosis might be interpreted as indicating that this was 
the only toxic factor in these cases of anemia, since readings for blood 
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carbonates are of the same magnitude as those cited above for rabbits 
killed by acid alone. It may be remarked, however, that Case 6 evi- 
dently had some obscure intoxication of a different nature from every 
other case in this series. Her blood a week before death showed a 
normal Van Slyke reading and normal incoagulable nitrogen, and yet 
she was comatose and evidently moribund. The fact that she lingered 
so long in this condition showed, however, that she needed the coup de 


TABLE 2.—Cases or SeverE ANEMIA 


Blood Incoag- 
No. pital Sex Age | Diagnosis Date Carbo- ulable Remarks a 
No. | nates Nitro- 


gen 


| 
1 10437 60 |*Pernicious anemia; slight | 5/ 9/16 43.0 Hemoglobin 5 
chronic nephritis; broncho-| 5/13/16} 5.0 | 
pheumonia 
| 
2 11426 ? 52 |tPernicious anemia; probable 5/24/16 49.0 cose Hemoglobin 8 
bronchopneumonia 5/28/16} 9.0 | 


|*Pernicious anemia; bron- 4/ 1/16 26.0 Hemoglobin 10 
| echopneumonia 4/ 3/16 11.5 Moribund; given  trans- 
4/ 5/16} 16.5 fusion 
4 11491 ? 54 |*Pernicious anemia; miliary 6/ 3/16 41.5 odes Hemoglobin 10 
tuberculosis 6/ 6/163 16.5 


*Pernicious anemia; arterio-| 3/16/16 24.0 eine 5 hours antemortem, 
| selerosis; stricture of ure-- 3/16/16} 19.0 hemoglobin 8 

thra; cystitis; pyelitis; 

bronchopneumonia 


6 11213 3% |*Pernicious anemia; arterio- 4/18/16 55.5 
sclerosis; acute bronchitis; 5/ 9/16 51.0 
acute cystitis 6/ 3/16 


Hemoglobin 15 
Hemoglobin 10 
Hemoglobin 10 


Hemoglobin 10 
37.1 Hemoglobin 5; coma- 
7 tose; looks moribund 


4/16 
11/10/16 


11549 x 41 |*Lymphatic leukemia; noma 6/27/16} 19.0 


8 10912 9 57 Pernicious anemia .......... 3/ 3/16 57.5 on Hemoglobin 15 
4/ 8/16 | 


9 11201 g 48 Pernicious anemia .......... 4/17/16 62.0 — | Hemoglobin 20 


2 | Carcinoma of bonemarrow? 4/ 8/16 56.5 -«+ | Hemoglobin 15; died 2 
| months later 


10 11159 


* Necropsy diagnosis. + Clinical diagnosis; necropsy refused. t Specimen taken at time of death. 


grace of acidosis, which was eventually furnished without doubt by 
the acute bronchitis. 


RELATION OF INFECTION TO ACIDOSIS 

The influence of infection in calling forth acidosis deserves special 
attention. A direct relationship is strongly suggested by the fact that 
the great majority of patients dying with acidosis showed infection of 
some kind, and by the fact that a number of patients who were near 
death from one cause or another failed to show acidosis until the fina! 


hours when the terminal infection may be presumed to have first 


52.0 47.6 
} 57.5 
39.0 
4 
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exerted its influence. The commonness of terminal infection has long 
been recognized in patients dying with chronic disease. It would seem 
almost fair to say that certain abnormalities such as kidney incompe- 
tence, circulatory failure, malignant disease, etc., cannot unaided fur- 
nish the toxin which is necessary to paralyze the respiratory center; 
this poison must be furnished in the majority of cases by an infection 
for which of course the underlying chronic process has prepared a 


TABLE 3.—Cases or ENpocarpitis AND GENERAL Sepsis 


Blood Incoag 


Diagnosis Date Carbo- 
nates 


*Acute and chronic endocar-| 10/20/16 45.0 jaundiced 
ditis; mitral stenosis; aor- | 10/24/16 . 
tie insufficiency; relative | 10/26/16 | 
tricuspid insufficiency; pul-| 10/30/16 
monary infarct 10/31/16} 


| "Chronic endocarditis; aortic, 6/ 2/16 Not very sick 
| mitral and tricuspid insuf-| 12/27/16 y 00.7 Reenters after cerebral 
| fleieney; chronie peritonitis embolism 
and pleurisy; acute peri 12/28/16 y J | 11 hours antemortem 
carditis (Pick’s disease); | 12/28/16} 2.3 | 
myocarditis; bronehopneu- 
monia | 


48 Chronie endocarditis with | 12/27/16 
acute recurrence; mitral 


| 
and tricuspid insufficiency | Sountiend:; very sick 


moe 


| Afterward recovered from 
| acute process and 
largely from deecompen- 
sation 
| Aeute endocarditis; aortic| 10/ 5/16 
and mitral insufficiency; | 10/13/16 
acute nephritis 10/25/16 
1l/ 8/16 
11/10/16 
11/16/16 


*Acute endocarditis; peri-| 10/ 6/16 

| earditis; pleurisy; perito- 
nitis (Pick’s disease); mit- 

| = and tricuspid insuffi- 1/31/17 see A Died March, 1917 

ncy 


| "Streptococcus septicemia 1/16/17 
(postpartum); pelvie and 1/23/17 
femoral thrombophlebitis; 
peritonitis; erysipelas; 
acute nephritis 


35.5 
41.0 
42.0 
38.0 
34.0 
40.0 
32.0 


Died elsewhere a month 
later 


Bon 


Died Feb. 28, 1917 


* Necropsy diagnosis. t Specimen taken at time of death. 


favorable soil. From the data here furnished it would seem justifiable 
to conclude that the particular poison which the infection calls forth 
and by which the respiratory center is paralyzed is an excess of acid. 
In this series only five of the thirty-two cases coming to necropsy 
failed to show fairly marked evidence of infection. One (Case 68, 
Table 8) clinically recognized as Hebra’s pityriasis rubra, gave the 
microscopic picture of sarcomatous infiltration of skin and lymphatic 
structures. There was no evidence of infection either by cultures or 
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by the appearance of the parenchymatous organs. The other four 
were the cases referred to above as showing no acidosis (one of ven- 
tricular fibrillation, one of hemoptysis, two of tetany). In other words, 
there was infection present in every case which showed acidosis 
except one. 

On the other hand, it appears that acidosis may be wholly lacking 
in certain cases of quite severe infection. Tables 3 and 4 include those 
cases in the series in which the primary condition was infectious, elim- 
inating those in which the infection was concomitant or terminal. Of 
the seven patients with endocarditis and septicemia (Table 3) all except 
one show low carbonate and high nitrogen figures. This one (Case 15) 
had the clinical features of a cardiac decompensation and the infection 
was low grade. The acidosis in Case 12 was terminal and the estima- 
tion made on a previous entry was high. This case also should be 
considered as a cardiac case (a typical Pick syndrome) and the infec- 
tion was low grade. In Cases 14 and 16 the patients had an acute 
nephritis as part of their sepsis, and renal insufficiency has to be con- 
sidered (these cases are included also in Table 6). Cases 11 and 13, 
however, are particularly interesting as showing a rather marked con- 
stant acidosis and a high incoagulable nitrogen, and in neither case 
was there evidence of more than renal congestion. In Case 11 necropsy 
showed no nephritis, in spite of an incoagulable nitrogen of 133 mg. a 
week before death. This must be interpreted as representing a rapid 
tissue catabolism due to the morbid process, and perhaps the acidosis 
has the same significance. The infections of Table 4 give various 
findings. In the more serious and fatal ones the patients show acidosis, 
though several who seemed quite sick give normal readings. For 
example, Case 30, a typhoid patient, gave normal readings. Also 
Case 18, one of bronchopneumonia in a demented old man, showed no 
acidosis in the earlier stages. More striking still was Case 23, a young’ 
man at the height of the intoxication of a lobar pneumonia. Both 
carbonates and incoagulable nitrogen were normal. The probable 
explanation of lack of acidosis in these cases is that the extra produc- 
tion of acid ions caused by disease can be taken care of by the powers 
of elimination of the normal body, but rapidly causes a fatal acidosis 
when the latter are seriously impaired by nephritis, marked intoxica- 
tion of the kidney, failure of water elimination, etc. This may explain 
why pneumonia, with its low mortality for young and previously 
healthy persons, is so deadly for the aged and for sufferers from 
chronic disease, perhaps most of all from nephritis. 

For the most part this terminal acidosis due to infection is of quick 
development, usually being followed by death within a few days, some- 
times within a few hours, illustrating that the checks against acidosis 
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are extremely efficient in most conditions, and also that once these 
checks are overcome the accumulation is rapid and fatal. 

Cases of localized chronic sepsis, as in empyema, certain postopera- 
tive peritoneal infections, etc., show as a rule little or no acidosis. 
Case 26 showed acidosis at the first appearance of a postoperative lung 
condition, but as this developed into pulmonary abscess and empyema 
the normal figure was resumed. Patient 28, who had a large collection 
of pus, was not very sick and shows normal readings. This makes an 


Hos- Blood _Incoag- 
No. pital Sex Age Diagnosis | Date Carbo- ulable Remarks 
No. nates Nitro- 
gen 


17 10819 59 |*Bronchopneumonia, post- 8/10/16} 22.0 


operative (carcinoma of 


|- 
| 


cervix) 
18 | 12218 | 74 |*Bronechopneumonia; arterio-| 9/23/16 52.5 45.7 | 
sclerosis; dementia | 9/28/16 58.0 62.4 


10/ 8/16; 


| 
9/30/16 53.5 63.0 | 


pneumonia | 5/27/16 43.5 
| 6/28/16 


Postoperative 


*Bronchopneumonia: post- 6/ 8/16 7.5 seve 3 hours antemortem 
operative (operation for 6/ 8/16} 36.5 

doudenal ulcer, June 7); 

arteriosclerosis; myocar- 


ditis 


tLobar pneumonia; delirium | 11/11/16 4.0 51.5 
tremens 11/12/16; 28.0 84.9 


12623 


12871 


tLobar pneumonia; chronic | 12/18/16 46.0 7 
alcoholism | 12/19/ 7 


Lobar pneumonia .......... 10/ 7/16 55.5 42.0 5th day; temperature 41 


12382 
C.; very sick; recovery 


4/10/16 42.0 caus | Temp. 89 C.; recovery 


11164 Bronchopneumonia; asthma 


11352 


Tuberculosis of lungs; 5/11/16 48.0 Pa Temp. 40 C.; discharged, 
pneumothorax | not improved 


12262 Postoperative pneumonia; 9/26/16 45.0 
probably embolic (opera- 9/27/16 5 79.3 
tion for salpingitis Sep- 9/28/16 62.3 
tember 25); abscess of 9/30/16 4 


44.1 Died October 20 


lung; empyema (operation | 10/25/16 
for empyema October 20) 


tAbseess of lung: strepto 1/23/17 39.0 46.6 Just before operation, 
coceus empyema 1/25/17% 18.0 69.0 very septic 


28 13134 i 57 Empyema (operation Jan- 1/25/17 61.5 74.2 Just before operation, 
uary 25) 1/29/17 61.5 48.2 not very sick; recovery 
| 1/81/1 30.8 prompt 


Temp. 40 C.; recovery 


| Typhoid fever .............. 12/ 3/16 


*Streptococeus meningitis; 3/25/16 39.5 .... | Almost normal for child 
otitis media; bronchopneu- 4/ 1/16 22.0 
monia | 
32 10052 mo.|*Miliary tuberculosis; men-| 3/ 9/16 57.5 | High reading for a 
ingitis baby 


3/11/16 42.6 % hour antemortem 


3/11/16 34.0 


{ Specimen taken et time of death. 


+ Clinieal diagnosis; necropsy refused. 


* Necropsy diagnosis. 


— ; 
— 
j 
sl TABLE 4.—Cases or PNEUMONIA AND OTHER INFECTIONS 
| 
| | Recovery 
2% | use ¢ | 
24 
6.5 
29 10066 3/16 20.5 
| 
36 | 
pes 
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interesting contrast with the other empyema case, Case 27, in which the 
process was fulminating and marked acidosis was present. These 
chronic pus cases with their high readings may be compared with cases 
to be referred to later (Table 7) of probable proteose intoxication. 
They suggest a strong probability that there is absorption of autolytic 
products, presumably proteoses, going on in any case which involves 


a considerable production of pus, thus giving a picture similar to that 
described by Whipple in intestinal obstruction. 


TABLE 5.—Cases or CarpiAc INSUFFICIENCY 
Blood Incoag- 
Diagnosis Date Carbo-  ulable Remarks 
nates Nitro- 
gen 


11411 70 *Arteriosclerosis; myocar- 
ditis; passive congestion; 
bronchopneumonia 


12696 *Arteriosclerosis; myocar- 
ditis; mitral and relative hoon 
tricuspid insufficiency ; ‘ 5 hours antemortem 
slight chronic nephritis; 2/13/16} 
enlarged prostate; cystitis; 
bronchopneumonia 


*Myocarditis; mitral and rel 3/ 9/16 
ative tricuspid insufhi- 3/25/16 
ciency; erysipelas; pulmo- 414/16 During erysipelas 
nary infarct; broncho- 4/18/16} 3 
pneumonia 


*Arteriosclerosis; myocar- 10/27/16 
ditis; relative tricuspid 10, 30/16 
insufficiency; slight chronic ll/ 8/16 
nephritis; acute bronchitis 11/10/16 
and pleurisy 11/11/16 

11/13/16 
11/16/16 
11/17/1163 


*Aortie stenosis and insuffi 6/14/16 
ciency and mitral insuffi- 8/28/16 
ciency; adhesive pericar- 9/23/16 
ditis; arteriosclerosis 10/ 6/16 
10/ 7/163 | Death sudden, heart 
stopping before respira- 
Aortie insufficiency; some- 3/10/16 . tion 
what decompensated 


Aortic insufficiency; some- 3/11/16 
what decompensated 


Emphysema; tricuspid in- 4/14/16 69.0 
sufficiency; anasarca; cya- 4/21/16 76.0 
nosis 10/27/16 76.0 

1/16/17 68.0 


* Necropsy diagnosis. ; Specimen taken at time of derth. 


CARDIAC CASES 


Comparison of the cardiac and the kidney cases in this series is 
interesting. While the latter all show a marked acidosis in their later 
stages, those of fairly pure cardiac disease show little, and then usually 
as a purely terminal event (Table 5). In fact, some of the readings 


Hos- 
No. pital Sex Age 
No. 
33 5/20/16 47.0 
5/24/16 51.5 
5/25/16 47.0 
5/28/16t 14.5 
| 
36 1068s fl 43.5 
56.5 24.3 
44.0 58.8 
45.0 56.2 | 
52.5 69.1 
2.5 719 
1038.1 | 
41.5 | 
3 1006 | 
40 | | 
| « 
2.9 | 
42.9 
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are notably high, as in Case 40. Apparently pretty severe circulatory 
difficulty alone neither causes the production of acid nor the failure 
of its elimination. The fact that a certain degree of acidosis is present 
at death even in these cases would imply that this contributes at least 
to the fatal result, but emphasizes the importance of other factors. It 
may be assumed, for example, that with a badly impaired circulation 
to the respiratory center less of an alteration in the blood itself might 
be fatal than if the supply were abundant. Further, we have some 
data to be published later showing that certain cardiac cases have 
abnormally high alveolar carbon dioxid and blood carbonates, par- 
ticularly where there is marked cyanosis. We are inclined to attribute 
this to depression of the respiratory center, so that the latter tolerates 
an increase in the hydrogen-ion concentration of the blood (what might 
be called a carbonic acidosis), though the possibility of a simple con- 
centration in the blood of alkalis and salts in general has not yet been 
eliminated. 
THE ACIDOSIS OF NEPHRITIS 


Table 6 shows cases of nephritis or other kidney disease causing 
insufficiency. Of these the first two were primarily general sepsis, 
though an acute nephritis also existed. They have already been 
referred to above. Cases 41 and 42 showed marked renal insufficiency, 
but had also a strong element of sepsis. Case 43 was of rather mild 
acute nephritis. The next six cases (44 to 49) were of the active 
(parenchymatous) stage of nephritis, with more or less toxemia and 
interference with renal function. Cases 50 to 55 were of the less active 
and generally more advanced type, usually called interstitial. They 
were well enough compensated to show good function. The last four 
cases, though primarily of nephritis, showed cardiac decompensation 
to a degree that rather overshadowed the former condition. 

It has been known since the paper of Lewis, Barcroft,’ etc., that 
certain cases of nephritis may show a considerable degree of acidosis, 
but the factors governing this matter have not been recognized. 

The cases in the present series are perhaps too few to warrant posi- 
tive statements, yet they strongly suggest that certain generalizations 
may be made. First, it is hard to escape the conviction that the pres- 
ence of acidosis is distinctly a function and result of renal insufficiency. 
Considering only those cases which are relatively uncomplicated by 
infection or cardiac failure, it will be seen that the acidosis and other 
evidence of renal insufficiency were remarkably parallel. Those cases 
having a two-hour phenolsulphonephthalein output below 30 show 
acidosis, while those above 30 mostly do not. In the same way the 
incoagulable nitrogen and the acidosis run parallel, though here there 


8. Lewis, Ryffel, Wolf, Cotton and Barcroft: Heart, 1913, 5, 45. 
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TABLE 6—Cases or NepPHRITIS AND RENAL INSUFFICIENCY 


Ineo- 
B agu Blood Phthal- 
Diagnosis lable J Pres- _ ein, Remarks 
| Nitro- N sure 2 Hrs. 
gen 


28 Active endocarditis; aortic | 10/ 5/16 
and mitral insufficiency; | 10/13/16 
acute nephritis 10/25/16 

1l/ 8/16 
11/10/16 
| 11/16/16 


oe. 


Died elsewhere 
a month later 


= 

88 
SU 


*Streptococcus septicemia 1/16/17 
(postpartum); pelvic and 
femora! thrombophlebitis; 
peritonitis; erysipelas; | 
acute nephritis 


: BB 


: B& 
: 


Died Feb. 28 


*Adenomata of kidneys 
with pyonephrosis; rela- x es 
tive mitral and tricuspid Y pam we ad Died Mar. 4 
insufficiency; broncho- | 
pneumonia 


*Enlarged prostate (opera- 
ation Dec. 6); chronic pye- | 12/14/16 
lonephritis; chronic ne- 
phritis; bronchopneu- | 
monia 


Acute nephritis; chronic, 2/21/16 
tonsillitis 2/23 


Chronie nephritis; edema; | 
retinitis | 


6/20/16 


Chronic nephritis; retinitis; 9/16/16 
9/23/16 
9/25/16 


*Old tuberculosis right kid- | 1/ 3/17 
ney with stones; chronic; 1/21/17 
nephritis, left kidney; reti-| 1/26/17? 
nitis; acute pleurisy 


Chronie nephritis; retinitis | 10/26/16 
1l/ 8/16 


Chronic nephritis; retinitis | 10/15/16 
10/20/16 
10/26/16 
10/27/16 
10/28/16} 


*Chronic nephritis, advanc-| 9/24/16 
ed, with acute exacerba-| 9/25/16 
tion; retinitis; myocar-| 9/27/16} 
ditis; bronchopneumonia 


Chronie nephritis; retinitis | 6/ 9/16 
5/25/16 


41 Obronie nephritis; retinitis | 3/ 3/17 . oes eee Postpartum 


RES 


56 Chronie nephritis; retinitis | 9/25/16 


4/ 2/16 J es Died April, 
4/17/16 . 1917 


59 ‘ hroniec nephritis; arterio- 
; bulbar paralysis 


| 
| 
| 
| 
| 


diagnosis. } Specimen taken at time of death. 
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No. pital Sex Age : 
No. 
1294 
4005 
165 22 
9 
16 12000 2% 15 
80 292.0 
43 13824 85 170 15 
555 6578 31.9 
/27/16 cose 150 38 
5/20/16 60.0 
6/25/16 | .... | 106 
45 1224 88 53.0 «80.0 
575 6.0 318 ... 30 
65 6.1 284 
4% 1978 ¢ 4 41.0 95.7 47.6 16 
12.5 2641 115.9 
47 124022 35.5 12.4 6.0 20 15 
875 123.7 | 812 
48 124822 2 oon 180 33 
50.7 M1 (225 
150.3 5838 
213.7 124.0 
403 71.1 
1283 4 158.6 066 20 2% 
170.8 106.8 
231.0 | 84.0 
50 11187 58 | | | 
51 13313 Q 
case. Delivery yt 
Feb. 17 
52 12228 54.5 40.1 20.7 230 75 
* Necropsy 
ae 
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TABLE 6.—Casts or Nepuritis AND Rena INsuFFIcIENcy—(Continued) 


Blood Blood Phthal- 

Sex Age Diagnosis - lable Urea  Pres- ein, Remarks 
Nitro- Nitro- sure 2 Hrs. 
gen gen 


Syphilis; arteriosclerosis; | 10/27/16 ‘ 48.5 
ebronic nephritis; retinitis | 


Chronie nephritis; retinitis | ll/ 4/16 y 60.7 


Carcinoma cervix; chronic | 4/24/16 
nephritis; hypertrophy and 
dilatation of heart 


4/ 1/16 2. Died elsewhere 


Chronie nephritis; myocar- 
2 weeks later 


ditis; arteriosclerosis; 
dementia 


Chronie nephritis; retinitis; 1/12/17 
hypertrophy and dilata- 
tion of heart 


8/28/16 Died elsewhere 


Chronie nephritis; retinitis; 
2 mos. later 


myocardial insufficiency 


are interesting exceptions. In Case 44 the patient showed a normal 
urea nitrogen in the blood, in spite of a rather low phenolsulphone- 
phthalein output, but was very miserable; had marked edema, head- 
aches, anemia, vomiting; he showed acidosis. Case 48, on the other 
hand, did not at first appear so sick, but the rapidly mounting nitrogen 
retention was followed by a speedy death. Her phenolsulphone- 
phthalein output was only measured once, at 33, and later may have 
been lower. It is interesting that her Van Slyke readings were normal 
up to the day before death, with an incoagulable nitrogen of 214. 
From this case it would appear that kidney insufficiency alone does not 
necessarily cause acidosis — suggesting that there must be an abnormal! 
production of acid as well as a failure of elimination. 

The same thing is shown pretty clearly by four experiments on 
dogs summarized in Table 9. In the first three dogs the kidneys were 
removed under ether after withdrawal of a normal specimen of blood. 
The first dog was in poor condition before the operation (suspected 
distemper) and survived less than twenty-four hours, having developed 
a moderate acidosis. (It will be seen that the normal Van Slyke read- 
ings in dogs are lower than in human beings, and also that they seem 
to be more variable.) The other two showed no acidosis, but of course 
a very high nitrogen. The fourth dog was given an acute nephritis 
by three doses of corrosive sublimate ; he lived nine days, during which 
his blood carbonates, thqugh variable, could not be said to indicate 
acidosis until the last day, and then not a very considerable degree. 
Necropsy in the last three dogs showed no evidence of infection, and 
it seems clear that there could have been no very rapid formation of 


q 

| Inco- 
No.| pital 
No. 
a 

‘ 

56 | 11186 2 59 67.1 225 25 
a 
~ 58/1300 52 50.0 | 67.6 | 33.6 | 210 25 
| 
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acid through the metabolism of these dogs, since their power of 
elimination of this substance must have been small, being restricted to 
the ability of the bowel and sweat glands (?) to eliminate acid. 

From the data of the human and the experimental cases combined 
the following generalizations would seem to be justified: 


Renal insufficiency is a very important factor in the causation of acidosis, 
by failure of elimination. 


TABLE 7.—Cases or MISCELLANEOUS INTOXICATIONS 


| 


Hos- Blood Incoag- 
No. pital Sex Age | Diagnosis Date Carbo- ulable | Remarks 
No. nates Nitro- 


gen 


12743 g 49 *Myxedema; bronchopneu- 
monia 


61 12462 24 \*Acute yellow atrophy of 10/19/16} 


liver; bronchopneumonia 


62 10890 Zé 19 tRenal caleulus (operation 3/ 6/16 47.5 

March 2); peritonitis (op- 3/ 7/16 58.0 cone Before operation 

eration March 7); ileus 3/ 8/16 we 117.0 Before operation 

(enterostomy March 8) 3/ 9/16 42.0 boee Looks better 
3/10/16 40.5 ooce Slightly better 
3/11/16 31.0 anes Considerably worse 
3/13/16 22.0 ove Stupor 
3/14/16} 27.5 


"Carcinoma of stomach; 11/10/16 58.8 
gastrectomy November 8; 11/13/16 d 88.7 
wound infection and fis- 11/16/16 owe 60.2 
tula; peritonitis; arterio- | 11/20/16} 28.0 109.2 
sclerosis; bronchopneu- 


monia 


*Salpingitis; cystic ovary: 1/13/17? 
gallstones (operation Jan- 
vary 10); general perito- 
nitis; paralytic ileus 


*Carcinoma of gallbladder; 10/14/16} 
adhesion about duodenum, 
causing stenosis and gas- 


trie stasis; coma 


“Carcinoma pylorus with 10/26/16 129 (!) 199.7 
| stenosis; tetany 10/27/16% 78.5 161.0 


+ Clinieal diagnosis; necropsy refused. } Specimen taken at time of death. 


* Necropsy diagnosis. 


To this must usually be added an increased production of acid, since a kid- 
ney which is markedly insufficient by other tests (Case 48) may still keep the 
acid threshhold normal. 
This increased formation of acid may apparently be a result of the toxemia 
which is the primary cause of an active parenchymatous nephritis (Case 44). 
It is often called forth by an intercurrent infection, and of course greatly 
increases t’.e danger from the latter. 


CERTAIN INTOXICATIONS WITHOUT ACIDOSIS 


Brief reference must now be made to certain toxic conditions which 
are not accompanied by acidosis, but which may lead to death or almost 
to that point (Tables 7 and 8). 

The interesting intoxication of gastric stasis (Cases 65 and 66) has 
already been noticed, as also that in Case 6 of pernicious anemia. 


1917 
| | = | 
12/ 4/163 81.5 
64 13019 g 30 29.5 88.7 
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Through the courtesy of Dr. Whipple I have had the opportunity 
to measure the blood carbonates on several of his experimental dogs 
which were moribund from the effects of proteose intoxication fol- 
lowing intestinal obstruction. The resulting figures were normal or 
rather high, showing that proteose intoxication either has no effect on 
the acid metabolism, or may even work against the development of 
acidosis. In the human series there are two cases of ileus, peritonitis, 
etc. (Cases 62 and 63 of Table 7). Both of these show absence of 
acidosis at a time when the incoagulable nitrogen indicates a very seri- 


TABLE 8.—Cases or MALicGNaAnt TuMor 


Blood Incoag- 
Sex Age Diagnosis Date Carbo- ulable 
nates Nitro- 
gen 


Zé 60 |*Carcinoma of bile duct with | 12/ 8/16 
metastases; infarction | 

spleen and kidney; arterio- | — t 
sclerosis; slight acute / 7 9 hours antemortem 
earditis 


*Sarcomatosis of skin and | 4/10/16 
lymph nodes 4/14/16} 
*Carcinoma of stomach and 4/24/16 J eee Comatose, moribund 

peritoneum; 4/26/16 . 2 hours antemortem 

phritis (not ; 4/26/16 . 

bronchopneumonia | 


‘Carcinoma of stomach; 
arteriosclerosis; slight | Exploratory operation 


ebronice nephritis; broncho- | 7/16 Mare 
pneumonia ‘ 5A. coe Slow failure until death 


6/ 6/163 | 

*Carcinoma of esophagus;| 4/19/16? | 
bronchopneumonia | 


Lymphosarcomatosis | 10/20/16 
| 10/25/16 | Died on train a week 


| Jater 
Hodgkin's disease | 10/20/16 During fever period 


74 Sarcoma of chest wall 10/ 6/16 . y Large sloughing mass 
10/30/16 : : | Died Mareh 8, 1917 


* Necropsy diagnosis. t Clinical diagnosis; necropsy refused. t Specimen taken at time of death. 


ous proteose intoxication. Both, however, had some acidosis at death, 
probably referable to the infection present. 

The suggestion has already been made above that high carbonate 
readings in chronic pus cases may indicate the same sort of intoxi- 
cation. 

By Dr. Whipple’s courtesy again, I have estimated the carbonates 
in four dogs dying of the peculiar intoxication which results from the 
Eck fistula. In these cases also the readings were normal or high. 

There may be a severe intoxication in cases of malignant tumor in 
which acidosis is absent or only appears in the last hours of life. 
Case 69 of Table 8 illustrates this. This woman was comatose and 


3 Hos- 
No. pital | Remarks 
No. 
67 = s:12782 
wo ¢ 6&8 
} 
mi) | @ | 
wei a | 
7% | 123800 
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evidently dying, yet showed no acidosis two days before death. Case 70 
showed the same thing. Nitrogen estimations were not made in these 
two cases, but other data in our possession as well as published reports 
from others prove that such cases may show a high incoagulable 
nitrogen when the toxemia is severe. 


THERAPEUSIS 

I feel obliged to add a few words on the subject of therapeusis, 
chiefly to warn against indiscriminate use of alkalis in cases such as 
those here described, at least in the present state of our knowledge. 
The neutralization of the acid ions is not the only thing to be con- 
sidered ; the salts thus formed must be eliminated, otherwise they may 


TABLE 9.—ExperIMENTAL RENAL INSUFFICIENCY IN Docs 


Incoag- Blood 
Date ulable Carbo- Remarks 
Nitrogen oates 


Dog 1 5/31/16 37.4 40.5 Normal! blood, followed by nephrectomy 
6/ 1/16 188.0 29.0 Found dead 

Dog 2 6/ 6/16 87.8 38.5 Normal blood, followed by nephrectomy 
6/ 7/16 112.0 89.5 
6/ 8/16 196.0 $1.5 
6/ 9/16 327.0 36.5 Found dead 

Dog 3 6/12/16 30.8 $2.5 Normal blood, followed by nephrectomy 
6/18/16 119.0 
6/14/16 262. 47.0 Found dead 

Dog 4 6/28/16 36.0 46.0 Normal. 11mg. HgCle per K. injected in 
6/29/16 83.5 32.5 lumbar muscles 
6/30/16 78.0 34.5 

7/ 1/16 75.0 35.5 

7/ 2/16 70.0 — Second injection of same dose 
7/ 3/16 191.0 39.5 
7/ 4/16 _ 38.5 Third injection of same dose 
7/ 5/16 151.0 43.0 
7/ 6/16 197.0 36.5 
7/ 7/16 360.0 24.0 Died as blood was being taken 


Note.—The first three dogs starved during the experiment. Dog 4 had one dog biscuit daily. 


well accumulate to an abnormal and possibly highly dangerous con- 
centration in blood and tissues. If elimination is so poor as to allow 
accumulation of acid there is every reason to suppose that salts may 
also be retained. Obviously, the indication will be to promote diuresis 
by giving as large quantities of fluid as is considered safe, either by 
mouth, under the skin or perhaps best by Murphy drip. Glucose may 
be added both as an available food and because of its powerful diuretic 
action.°® 

Warning should be given against indiscriminate use of morphin in 
cases of acidosis on account of its depressing action on the respiratory 
center. 


9. It has been shown by Woodyatt that glucose acts-as a diuretic only if 
hyperglycemia is produced. This might be done deliberately by the intravenous 
use of rather strong glucose solutions, but could probably hardly be accom- 
plished through rectal administration. Woodyatt, R. T.: Harvey Lectures, 1917. 


* 
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Finally, fresh air is indicated —a gentle breeze across the face 
which will blow away the expiration and prevent the rebreathing of 
carbon dioxid which ordinarily occurs, as Crowder'® has shown, and 
which in acidosis may prove to be the little extra strain which the 
respiratory center cannot survive. 


SUMMARY 

The great majority of human cases studied showed a more or less 
marked acidosis at time of death. 

In many of these the acidosis was of such degree that it may well 
have been the cause of death. 

In others a lesser degree of acidosis was found which, combined 
with other toxic factors, may have caused death. 

These results bear out to a certain degree the theories of Henderson 
and Fischer as to shock. 

Infection seems to have a very marked influence in causing acidosis. 
All but one case in this series showing acidosis had evidence of severe 
infection. The cases which did not show acidosis did not have infec- 
tion. A patient may, however, have marked infection with intoxication 
and show no acidosis provided his powers of elimination are active. 

Two cases of death due to circulatory failure showed no acidosis. 

Two cases of pyloric stenosis with tetany showed an alkalosis as 
well as a very high incoagulable nitrogen, indicating a severe intoxi- 
cation. 

Certain obscure toxemias are mentioned which are not necessarily 
accompanied by acidosis; for example, those of intestinal obstruction, 
Eck fistula, malignant tumors and pernicious anemia. 

In all fatal cases, where the incoagulable nitrogen was estimated 
there was an increase at time of death, often very great, this indicat- 
ing doubtless a marked tissue destruction. 

Certain heart cases, though severe, may show lack of acidosis or 
an actual increase in blood carbonates, but they, too, are likely to 
show a certain degree of acidosis immediately before death. 

As a result of the study of a series of cases of nephritis it appears 
that two factors are necessary to produce acidosis: failure of the 
power of elimination and an increase in the production of acid in the 
body. Cases with two-hour phenolsulphonephthalein output over 30 
per cent. show acidosis only if there is a severe toxemia, while those 
below 30 per cent. show acidosis as a rule. 

As causes of increased acid production in nephritis, the toxemia of 
the active parenchymatous form is itself operative ; infection is an even 
more powerful factor. 


10. Crowder, T. R.: On the Reinspiration of Expired Air, THe Akcuives 
Int. Mep., 1913, 12, 420. 
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A REPORT ON FORTY CASES OF ACUTE ARTHRITIS 
TREATED BY THE INTRAVENOUS INJECTION 
OF FOREIGN PROTEIN * 


RUSSELL L. CECIL, M.D. 
NEW YORK 


Nonspecific vaccination in the treatment of infections is not a new 
procedure. As far back as 1893, Rumpf' treated typhoid fever pa- 
tients with a B. pyocyaneus vaccine and claimed to have obtained ex- 
cellent results. Von Wagner? found that paretics treated with tuber- 
culin showed marked improvement. Hiss and Zinsser* used extracts 
of rabbit’s leukocytes in various infectious diseases, especially pneu- 
monia, and were favorably impressed with the results. Some of the 
German writers have employed boiled milk subcutaneously in infec- 
tions, and report success. More recently Schaefer’s mixture of many 
bacteria has been widely advertised in the treatment of various dis- 
eases, more particularly of arthritis. 

The practice of intravenous injection of foreign proteins is a 
comparatively recent one, and may be said to have originated with 
the intravenous injection of typhoid vaccine in the treatment of 
typhoid fever. Ichikawa‘ was one of the first to use the intravenous 
method of vaccination. By giving sensitized typhoid vaccine intra- 
venously he observed that cases not only of typhoid but also of para- 
typhoid fever often showed marked improvement after the injection, 
the temperature sometimes dropping to normal and remaining there. 
Gay and Chickering,’ Miller and Lusk® and others have reported 
favorably on the results of intravenous injections of typhoid vaccine 
in typhoid fever. Kraus’ obtained similar results in typhoid fever by 
using colon bacillus vaccine intravenously. Liidke* substituted albu- 
mose for vaccine and obtained the same sort of a crisis in many cases. 
Psoriasis and certain other skin diseases have been successfully 


* Submitted for publication Aug. 1, 1917. 

*From the Second Medical Service of Bellevue Hospital, Cornell Medical 
School. 
. Rumpf: Deutsch. med. Wchnschr., 1893, 19, 987. 
Von Wagener, J.: Wien. med. Wchnschr., 1909, 59, 2124. 
Hiss, P., and Zinsser, H.: Jour. Med. Research, 1908, 19, 321. 
Ichikawa, S.: Ztschr. f. Immunitatsf., 1915, 23, 32. 
Gay, F., and Chickering, H.: Tue Arcuives Int. Mep., 1916, 17, 303. 
Miller, J., and Lusk, F.: Jour. Am. Med. Assn., 1916, 66, 1756. 
. Kraus, R.: Wien. klin. Wchnschr., 1915, 28, 29. 
. Liidke, H.: Miinchen. med. Wchnschr., 1915, 62, 321. 
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treated by a number of dermatologists with intravenous injections of 
serum. 

The application of intravenous vaccination to the various forms 
of arthritis is comparatively recent. Miller and Lusk,® in 1916, re- 
ported a series of cases of acute and chronic arthritis in which the 
patients were treated by intravenous injections of typhoid bacilli and 
of secondary proteose, and obtained excellent results in a majority 
of the cases. In a second paper Miller and Lusk® report 85 cases of 
arthritis in which the patients were treated by the intravenous injec- 
tion of typhoid vaccine. Forty-five of these were cases of acute arth- 
ritis, and 33 of the patients had already been treated with salicylates, 
without benefit, except in 4 cases. Twenty-nine out of the 45, after 
receiving one to four doses of vaccine, recovered in one to five days; 
8 showed marked improvement, 6 moderate improvement, and 2 no 
improvement. The 4 gonococcus cases in this series did not respond 
brilliantly to the vaccine. There were nine relapses in the acute 
series. Of 12 cases of subacute arthritis, 10 cleared up in three to 
five days, and the other 2 patients improved. Nineteen chronic but 
still active cases were treated, in 10 of which the patients showed 
improvement. Culver’® reports a series of 31 gonococcus arthritis 
cases, in 28 of which the patients either recovered or greatly improved 
after intravenous injection of gonococcus, meningococcus or colon 
vaccine. Matthers™* reports favorably on various infections, includ- 
ing acute arthritis, treated by intravenous injections of vaccine and pure 
protein. Manier, Petersen and Jobling’* have treated 13 patients with 
arthritis by intravenous injections of secondary proteoses. Three of 
the cases were acute, 3 subacute and 7 chronic. Of the acute cases, 
2 cleared up promptly after the injections, while in the third, a gono- 
coccus arthritis, the patient was not relieved. In the 3 subacute cases 
the patients all recovered rapidly after vaccination. In the chronic 
series there was complete relief in 3, marked improvement in 3 and 
no change in 1. The reports on this subject, though not numerous, 
have been so favorable that it seemed desirable to give the method a 
trial. 

Classification of Cases.—The present study is based on 40 cases of 
acute arthritis in which the patients were treated in the medical wards 
of Bellevue Hospital. These cases may be classified as follows: rheu- ; 
matic fever, 26; acute toxic arthritis, 7; gonococcus arthritis, 7. 


9. Miller, J., and Lusk, F.: Jour. Am. Med. Assn., 1916, 67, 5010. 

10. Culver, H. B.: Quoted by Jobling, Tae Arcuives Int. Mep., 1917, 
19, 1042. 

11. Matthers, M.: Quoted by Jobling, Tae Arcuives Int. Mep., 1917, 19, 1042. 

12. Jobling, J. W.: Jour. Am. Med. Assn., 1916, 66, 1753; THe Arcuives 
Int. Mep., 1917, 19, 1042. 
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Of the 40 patients, 30 were male and 10 female. The average age 
of the rheumatic fever patients was 26 years; of the acute toxic 
arthritis series, 42; of the gonococcus arthritis series, 27. In the rheu- 
matic series 12 patients had been subject to attacks of tonsillitis or 
sore throat; 15 had had previous attacks of rheumatic fever. In the 
acute toxic arthritis series only 1 gave a history of tonsillitis and 1 had 
had a previous attack of the same illness. 

Complications.—Tonsillitis was noted as a complication in 8 of the 
rheumatic fever series; sore throat or coryza in 7 cases; rheumatic 
endocarditis was noted in 15 cases; pyorrhea was present in 3 of the 
acute toxic arthritis cases; tonsillitis twice, and pneumonia with 
empyema, once. In the gonococcus series, 6 of the cases were asso- 
ciated with gonococcus urethritis and 1 with gonococcus vaginitis. In 
1 case gonococcus iritis was also present. 

The rheumatic fever cases varied in severity. Some of the patients 
were quite ill, with high fever and profuse sweats. All of the rheu- 
matic fever series were cases of polyarthritis as were also the acute 
toxic arthritis cases. All but one case of the gonococcus series (Case 
40) were polyarticular, but usually the latter changed to a monarticular 
type. 

The temperature on admission varied from 98 to 101 F., but in a 
few cases it was as high as 102 to 103. The leukocyte count on admis- 
sion varied from 7,000 to 22,000. Two of the rheumatic fever patients 


and one of the gonococcus patients had positive Wassermann reactions, 
but none of these showed any clinical signs of syphilis. The gono- 
coccus fixation test was positive in five out of the seven cases of gono- 


coccus arthritis. 

The Vaccine.—Typhoid vaccine has been used almost exclusively 
in this study. The New York City Board of Health vaccine was 
employed. It is made up in the usual way from a number of strains 
of B. typhosus. In five of the gonorrheal cases a polyvalent gonococ- 
cus vaccine (also New York City Board of Health) was used. 

Administration of Vaccine—The vaccine in every case was given 
intravenously. ‘The vein used was the median basilic and the injection 
was made with a small tuberculin syringe. The vaccine was diluted so 
that 1 c.c. = 100 million bacteria. In none of the cases was there any 
local reaction. The dose of vaccine administered varied from 30 to 
100 million, the usual dose being 40 to 80 million. By a mistake in 
technic, 400 to 500 million bacteria were given to three patients 
(Cases 24, 29 and 31). The reaction produced by these large doses 
was little if any more severe than that caused by small doses, and the 
therapeutic result was no better. The average number of doses of vac- 
cine administered in the rheumatic fever series was almost two (1.8 per 
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cent.). In the acute toxic arthritis series, the average dose was 1.5 
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in the gonococcus series 5.5. The reason for this difference in the 
number of doses was that in the rheumatic fever cases we were able 
to resort to salicylates if one or two doses of the vaccine proved 
insufficient to produce recovery; whereas in the gonococcus series 
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Chart 2.—Case 4. Rheumatic fever. Intravenous injection of typhoid vac- 
cine. Secondary rise of temperature occurs late. A, on admission; B, 50 mg. 
typhoid vaccine intravenously at 12:00; C, chill at 12:30; D, better; E, no pain. 


patients were in the hospital for a number of weeks, and there was no 

. other form of medication which seemed of any particular value. 
Reaction Caused by Vaccines.—The typical reaction produced by 
an intravenous injection of typhoid or gonococcus vaccine may be 
described as follows: In twenty minutes to one hour after the injection 
the patient has a severe shaking chill, which lasts fifteen to thirty min- 


Chart 1—Case 2. Rheumatic fever. Intravenous injection of typhoid vac- 
cine. The temperature curve shows the secondary rise which is often present. 
A, admission; B, 40 mg. typhoid vaccine intravenously; C, patient better; 
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utes, and is accompanied by a rapid rise in temperature. In two to 
three hours the temperature may have risen 2 to 5 degrees (Charts 1, 


2 and 3). Ina considerable number of cases there is a secondary rise 
in temperature, usually not so high as the primary, which may show 
Date April 4 5 é T 19 
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Chart 3—Case 7. Rheumatic fever. Chart shows extreme rise of tem- 
perature following intravenous injection of typhoid vaccine. A, admission; 
B, 40 mg. typhoid vaccine intravenously; C, much better; D, no pain. 
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Chart 4.—Case 38. Gonococcus arthritis. Chart shows marked rise of tem- 
perature following intravenous injection of gonococcus vaccine. Reaction sim- 
ilar in all respects to typhoid vaccine reaction. A, 100 mg. gonococcus vaccine 
intravenously at 11:00. 


itself in two to twelve hours (Charts 1 and 2). In some instances 
there is nausea and vomiting and quite a number of patients have a 
severe headache. In the course of the next three to six hours the 


temperature drops and by the following day it is usually normal. 
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Effect of Vaccine on Leukocyte Count—Immediately after the 
injection of the vaccine, there is a slight fall in the leukocytes, followed 
in a short time by a rapid rise. In the course of two hours after the 
injection the leukocyte count may be four or five times the normal. 
For instance, in one case the count was 47,000, with 95 per cent. poly- 
nuclear neutrophils. The count rapidly returns to normal, though in 
Case 15 it was still 22,600 forty-eight hours after the injection. In 
five cases in which the leukocytes were counted one to two hours after 
the injection of vaccine the average count was 26,000. 

Effect of Vaccine on Symptoms.—During the febrile period the 
patient nearly always feels better, and this relief from pain usually 
lasts twenty-four to forty-eight hours. The heat, redness and swelling 
may disappear entirely from the joints and complete and permanent 
recovery take place. More often there is a return of symptoms, which 
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Chart 5.—Case 22. Pneumonia and empyema, followed by acute arthritis 
(rheumatic fever?) ; no relief from salicylates; immediate recovery after one 
intravenous injection of typhoid vaccine. A, sodium salicylate, 20 grains every 
four hours; B, no better; C, salicylates discontinued; D, 60 mg. typhoid vac- 
cine intravenously at 11:00; E, pain and swelling gone; feels fine. 


are usually not so severe as those before vaccination, and a second 
dose of vaccine may be necessary to bring permanent relief. On 
account, however, of the discomfort associated with these reactions to 
the vaccine, it seemed preferable in many of our cases to start the 
patients on salicylates, if one or two doses of the vaccine did not pro- 
duce complete recovery. Twenty grains of salicylic acid or sodium 
salicylate, with 40 grains of sodium bicarbonate were given every two 
to four hours, depending on the severity of the symptoms, and con- 
tinued until the patient was free from pain. 

Contraindications.—In the present series we have considered severe 
cardiac or renal disease as contraindications to the use of intravenous 
vaccination. In markedly prostrated patients the vaccine is badly 
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borne, but may prove of much benefit. Such patients should be started 
with a small dose of 30 or 40 million bacteria. 

Results—Of the 33 cases of rheumatic fever and nonspecific arthri- 
tis studied, 13 (or about 40 per cent.) of the patients recovered com- 
pletely in two to ten days without the aid of salicylates. (By recovery 
is meant the ability to be up and about the wards and free from pain.) 
The remaining 20 patients (or 60 per cent.) of the series received 
salicylates at some period during their attack. In 2 cases (Cases 22 
and 33) the patients received salicylates without benefit for a number 
of days before the vaccine was tried. Of these 2 patients, 1 made a 
complete recovery after vaccination (Chart 5), and the other was 
much improved by it. The remaining 18 patients received vaccines 
first and salicylates afterward. Of these 18, three obtained no benefit 
from the vaccine ; the remaining 15 improved, but were not completely 
cured until salicylates were given (Chart 6). 
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Chart 6—Case 21. Rheumatic fever. Improved after vaccination, but 
relapsed. Rapid recovery after administration of salicylates. A, on admission; 
B, 40 mg. typhoid vaccine intravenously; C, better; D, relapse; E, salicylates 
started; F, better. 


A noteworthy fact was that while the pain disappeared from the 
joints in many of these vaccinated patients, muscular pain persisted, 
particularly in the back or neck, and it was for these muscular pains 
that salicylates were resorted to. 

The seven patients with gonococcus arthritis all made slow improve- 
ment during their stay in the hospital and appeared to be influenced 
little, if any, by the vaccine. Two of the patients received typhoid 
vaccines and the remainder gonococcus vaccine. There was no differ- 
ence observed in the character of the reaction produced (Chart 4) or 
in the therapeutic value of the two vaccines. The gonococcus patients 
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Cases or Acute Artiry 


1. G. M. 17 


K. H. 24 


M. C. 14 


Case Age 


Sex* 


Clinical Diagnosis 


Rheumatic fever 


Rheumatic fever 


Rheumatie fever 


Rheumatic fever 


Acute arthritis 


Rheumatic fever 


Acute arthritis 


Rheumatic fever 


Rheumatic fever 


Acute arthritis 


Rheumatie fever 


Rheumatic fever 


Acute arthritis 


Complicatons 


Cervical adenitis; 
endocarditis 


Anemia 
Tonsillitis; acute 
nephritis 


Endocarditis 


Tonsillitis; endocarditis 


Chronie tonsillitis; pyor- 


rhea; endocaritis 


Pharyngitis; pyorrhea 


Tonsillitis 


Large tonsils; 
pyorrhea 


Tonsillitis; endocarditis 


Tonsillitis; endocarditis; 


pyorrhea 


Pyorrhea; bronchitis; 


delirium tremens 


Previous 
illness 


‘Rheumatic fever; 


tonsillitis 


Measles; scarlet 
fever 


Tonsillitis 
Rheumatie fever 
Hemiplegia; an- 

gina pectoris? 


Rheumatic fever 
Tonsillitis 
Rheumatic fever 
Acute arthritis 


Gonorrhea 
6 years ante 


Tonsillitis; rheu- 
matie fever 


Gonorrhea 
20 years ante 


Cases in which Vaccine Was Supplemented by Salicylates 


Rheumatie fever 


Rheumatie fever 


fever 


Rheumatic fever 


Rheumatic fever 


Acute arthritis 


Rheumatic fever 


Rheumatic fever 


Acute arthritis 


Furuneles; endocarditis 


Sore throat 


Tonsillitis 


Endocarditis; broncho- 


pneumonia 


Endocarditis;coryza; 


pyorrhea 


Vincent's angina 


Pyorrhea 


Sore throat 1 week before 


Lobar pneumonia; 


empyema 


Frequent sore 
throat 


Rheumatic fever, 


6 attacks 


Appendicitis; pneu- 
monia; frequent 


sore throat 


Rheumatic fever; 


frequent sore 
throat 


Rheumatic fever, 


3 attacks 


Gonorrhea 8 
times; syphilis 


Rheum fever, 
3 


times 
Measles 


* od denotes male; 2 female. 


Ww) 
| 
| 
| Polys. 60% 
| Polys. 76% 
Polys. 70% 
Polys. 81% 
2. M.P. | 37 | 9 14,000 
| Polys. 81% 
21. D. H. | 
Polys. 87% } 
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TREATED WITH TYPHOID VACCINE 


Wasser- Gonococcus Number of Injec- Result Remarks 
mann Fixation tions of Vaccine 


Negative Negative 1, WSWmillion Complete recovery 
in 48 hours 


Complete recovery 
in 4 days 


40 million 


Negative 


1, 380million Complete recovery Herpes labialis after vaccine 
in 5 days 


Negative Negative 1, SWrillion Complete recovery Herpes labialis 
‘in 8 days 


2, 5S million each Complete recovery Herpes labialis 
in 5 days 


Negative Negative 2, 40 million each Compas recovery Blood culture sterile 
n 6 days 


Negative 1, 40 million Complete recovery 
in 10 days 


Greek; history obtained with dif- 
ficulty 


Negative Negative 2, %60million | Complete recovery 
in 10 days 


Negative Negative 8, 40-60 million Much improved Free from symptoms 24 hours 
(9 days) after each injection, but re- 
lapsed twice 
Negative Negative 1, 8 million Complete recovery Uric acid in blood = 4 mg. per 
in 5 days 100 c.c. 


1, 75 million Complete recovery 
in 6 days 


Negative Negative 2, 670 million | Complete recovery 
in 6 days 


Complete recovery Delirium tremens appeared 2 hours 
in 3 weeks after vaccination and lasted 4 
| days 


Negative Negative 1, 100 miilion 


Cases in which Vaccine Was Supplemented by Salicylates 


vaccine culture sterile 


Much improved Relapse 3 days after vaccination; 


Negative Negative | 9 50 million each | Improved after Recovery under salicylates; blood 
after vaccine salicylates; recovery 


Negative 1, million 


1, 70 million Recovery in 2 days Salicylates for backache 
| except for backache 


Blood culture sterile; on 4th day 
pneumonia; salicylates started; 
| complete recovery 
Negative Negative | 4, 6070 million (Improved temporarily Blood culture sterile; two relapses; 
| after each dose salicylates; recovery 


Negative 1, 5SOmillion Improved Salicylates; complete recovery 


Negative 1, M#rmillion No improvement 


Positive 


Negative | 1, 60 million | Much improved Salicylates; complete recovery 


1, million Much better day Relapse; salicylates; complete re- 
| after vaccination covery 


Patient had received large doses 


Complete recovery 
of salicylates without benefit 


60 million 


—— 
| 
— 
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Cases oF Acute ARTHRITIS 
Cases in which Vaccine Was Supplemented by Salicylates 
Ww 
Case Age Sex* Clinical Diagnosis | Complicatons Previous Blood 
illness Cells 
— — — — 
23. P. H. 46 é Rheumatie fever | Endocarditis; pyorrhea Gonorrhea, _........ 
20 years ante; 
| rheumatic fever 
“4. F. 8 26 é Rheumatic fever Endocarditis Rheumatic fever; 18,000 
sore throats Polys. 87% 
2%. J. O. 22 2 Rheumatie fever Tonsillitis; adenitis Rheumatic fever; ...... 
| tonsillitis 
2%. J. M. 13 Rheumatic fever Endocarditis; pericarditis =... 12,800 
Polys. 77% 
27. H.H. 43 é Acute arthritis Sore throat 2 weeks before Gonorrhea _.......... 
| admission denied 
2. J. R. 23 Rheumatic fever Coryz4, endocarditis Rheumatic fever; .......... 
gonorrhea at 16 
2% P. C. 32 é Rheumatic fever Endocarditis; paroxysmal] Rheumatic fever; 7,2 
tachycardia sore throats Polys. 2% 
GA 22 Rheumatic fever Sore throat; endocarditis | ........... 
31. M. Y 24 g Rheumatie fever Sore throat Frequent sore —.......... 
throat 
32. N. P 22 re Rheumatic fever Tonsillitis; endocarditis Rheumatic fever; 11,800 
tonsillitis Polys. 4% 
3. L.A 28 ¢ Rheumatic fever Endocarditis Gonorrhea 20,200 
5 years ante Polys. 82% 
Gonococeus Arthritis Treated with Gonococcus and Typhoid Vaccine Intravenously 
3%. J. M. 27 ¢ Gonococeus arthritis Gonococcus urethritis Several attacks 7,800 
of gonorrhea Polys. 57% 
35. J. B. 19 é Gonococeus arthritis Gonococcus urethritis Chorea; rheu- 10,800 
matie fever Polys. 75% 
%. F. G. 42 Gonococcus arthritis Gonococeus urethritis 
and irit 
37. A. S 28 g Gonococcus arthritis Gonococcus vaginitis Rheumatism —_ .........- 
2 years ante 
3. C.E 21 Gonococcus arthritis Gonococcus urethritis Gonorrhea 
2 times Polys. 8% 
39. R. F 87 Gonococcus arthritis Gonococcus urethritis 
2 times 
#. J. V. 21 Gonoecoccus arthritis Gonococeus urethritis 
Polys. 88% 


*d denotes male; 


female. 
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TypHom VAcciINE—(Continued) 


Cases in which Vaccine Was Supplemented by Salicylates 


W asser- Gonococcus Number of Injec- Result Remarks 
mann Fixation tions of Vaccine | 
— = 
Positive Negative 1, million | Improved Herpes labialis (severe); salicyl- 
ates; recovery 
Negative Negative 1, 500 million | No improvement Salicylates; recovery 
| 
Positive Negative 2, 70 million Almost complete Salicylates given during last 2 days 
recovery in hospital for muscular pains 
Negative 1, 30 million Improved Blood culture sterile; vaccine not 


repeated on account of heart; 
salicylates; recovery 


Negative 8, 40 million each Temporary relief Salicylates for 2 weeks; much im- 
from vaccine proved 
Negative 1, 75 million | No improvement Salicylates; recovery 
| 
| 
Negative Negative 2, 400 millioneach | Improved Blood culture sterile; salicylates; 
| recovery 
| 
Negative Negative 7, 20-60 million Improved but Blood culture sterile; salicylates; 
| relapsed recovery 
Negative Negative 2, 400 million each Improved Salicylates given for pain in back; 
recovery 
renee cove consnaeiee 2, 40 million each | Recovery, but re- Blood culture sterile; salicylates 
lapsed 2 days for relapse; recovery 
after discharge 
Negative Negative 8, 240milion | Much improved Blood cultuye sterile; salicylates 
for 9 days; no improvement; 
| 


then vaccine 


Gonococeus Arthritis Treated with Gonocoecus and Typhoid Vaccine Intravenously 


Negative Negative 4, #60million | Much improved In hospital 5 weeks; left with some 
(typh. vac.) stiffness in back; otherwise O.K. 
Negative Weakly pos. 7, (3 typh. vac., | Improved In hospital 2 months: when dis- 


charged, walked with limp and 


4 gon. vac,) 
had fluid in both knees 


antigen 


Negative Positive 8, 30-175 million | Much improved In hospital 6 weeks; still having 
(typh. vac.) | occasional pain when discharged, 
but practically cured 
Negative Positive 5, (2 typh. vac., | Improved In hospital 7 weeks: when dis- 
2 gon. vac.) | charged ankle was still sore, but 
| could walk on it 
Negative Negative 5, 50-100 million Much improved Herpes labialis; in hospitai 5 
| (gon. vac.) | weeks; still limping when he 
| left hospital 
Negative Positive 4, 60-100 million | Improved In hospital 3 weeks; left hospital 
(gon. vac.) on crutches; still lame 1 month 
later 
Positive with Positive 5, 6-100 million | Improved In hospital 5 weeks; still lame 
cholesterin (gon. vac.) | when he left hospital 


| 
| 
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remained in the hospital from three to eight weeks. The average dura- 
tion of their stay in the hospital was five and one-half weeks. They 
all left the hospital in about the same stage of improvement; that is, 
with one or two joints still stiff and somewhat painful on motion, but 
with no signs of active infection in them. The injection of vaccine 
seemed to give relief for twenty-four hours or more; then the pain in 
the joints would return to the previous state. 

Other Effects of Vaccine —No unpleasant effects were noted from 
the vaccines other than the chill and fever and the constitutional symp- 
toms above described. Five of the patients developed herpes labialis, 
apparently as the result of the vaccine, and one alcoholic patient had 
delirium tremens, which developed on the day after the vaccine was 
given. 

DISCUSSION 

The reaction produced by the intravenous injection of typhoid or 
gonococcus vaccine is usually quite rigorous and not a particularly 
pleasant experience for the patient. The question which immediately 
comes up is whether the results obtained by the vaccine are sufficiently 
brilliant to justify the use of this rather heroic measure. While it is 
true that in 40 per cent. of our cases of rheumatic fever (including 
the cases of acute arthritis) the patient recovered without the use of 
salicylates, it must be remembered that rheumatic fever is usually a 
self-limited disease and that in many instances the patient would make 
a rapid recovery even if no medication were given. From my own 
experience with thirty-three patients treated by this method I feel that 
salicylic acid is still our best weapon against rheumatic fever, and that 
the intravenous injection of vaccine or of foreign proteins should be 
employed only after salicylates have been ineffective. 

As for the seven gonococcus cases, the vaccine seemed to have no 
permanent effect and, so far as I could see, exercised no inflence one 
way or the other on the course or outcome of the disease. Miller 
reports similar results with his gonococcus arthritis cases. These are 
always difficult cases to handle, and appear to run their course in spite 
of all local or constitutional treatment. 

It is interesting to speculate as to what causes the benefit which 
many of these patients received from intravenous vaccination. A num- 
ber of explanations have been given. The leukocytosis may be respon- 
sible for their recovery, as emphasized by Gay" and his co-workers. 
It seems more probable, however, that the rise in temperature is a more 
important factor; certainly we never see improvement in these cases of 
arthritis unless there is an accompanying pyrexia. In a case of chronic f 
arthritis, which is not included in the present study, I gave the patient : 


13. Gay, F., and Claypole, E.: THe Arcnives Int. Mep., 1914, 14, 662. 
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several intravenous injections of an autogenous Streptococcus viridans 
vaccine. The injections were followed by a slight malaise and head- 
ache, but there was practically no rise in temperature, and the vaccine 
had no effect whatever on the course of the disease. 

Jobling and Petersen** have shown that the intravenous injection of 
bacteria, protein split products, trypsin and kaolin, is almost invariably 
followed by more or less marked mobilization of serum protease and 
esterase. There is also a distinct rise in the antiferment titer of the 
serum following such injections. As Jobling’? says, however, these 
serum changes are more or less temporary and do not explain the per- 
manent recovery of patients treated by intravenous injections of vac- 
cine and other proteins. 

For the present we must admit that no thoroughly satisfactory 
explanation can be given of this interesting phenomenon. Practically 
speaking, we have at our disposal a rather heroic therapeutic measure, 
at times quite efficient, but likely to prove dangerous in the hands of 
inexperienced workers. For the present we should recommend its use 
only after salicylates and other well established methods of treating 
arthritis have failed. 

CONCLUSIONS 


In forty cases of acute arthritis the patients have been treated by 
intravenous injections of typhoid or gonococcus vaccine. Thirteen of 
these patients, or 32 per cent., made a rapid recovery without recourse 
to any other treatment. Of the remaining twenty-seven cases, all but 
two patients showed improvement while receiving the vaccine. Twenty 
out of the twenty-seven, however, received salicylates before complete 
recovery took place. In the seven cases of acute gonococcus arthritis 
all of the patients showed gradual improvement under vaccine, but it 
was impossible to say how much of a factor the vaccine was in these 
cases. 

The reaction produced by the vaccine is usually severe, consisting 
of a chill, with rapid rise in temperature, headache, and often nausea 
and vomiting. During this reaction there is a well-marked leukocytosis. 
Both the temperature and the leukocytes usually return to normal in a 
few hours. 

This method of treatment is undoubtedly efficient in many cases of 
acute arthritis; but it is unpleasant for the patient, and may be danger- 
ous when administered to improperly selected patients. 

For the present, its use is recommended only in carefully selected 
cases, after salicylates and other well established methods of treating 
arthritis have failed. 


123 East Sixty-Second Street. 


14. Jobling, J. W., and Peterson, W.: Jour. Exper. Med., 1915, 22, 590, 597, 
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BLOOD SUGAR IN HYPERTHYROIDISM * 


W. DENIS, Ps.D. ann J. C. AUB, MD. 
WITH THE ASSISTANCE OF 


A. S. MINOT, A.B. 
BOSTON 


Since, and even before, the advent of modern methods for the 
determination of blood sugar, the spontaneous glycosuria so frequently 
observed in patients suffering from hyperthyroidism has led several 
investigators to make studies on blood sugar in this disease. These 
studies have led to conflicting results. Tachaw' and Flesch* found an 
alimentary hyperglycemia in some cases, but not in others. In forty 
cases the latter investigator reported not a single instance of spontane- 
ous hyperglycemia. On the other hand, Geyelin,® from a study of 
twenty-seven cases of hyperthyroidism, concludes that an unmistakable 
hyperglycemia can be demonstrated in 90 per cent. of the moderate and 
severe cases, while even in mild types of the disease an alimentary 
hyperglycemia (two hours after 100 gm. of glucose) could frequently 
be demonstrated. In view of this lack of uniformity in the results 
reported, it has seemed worth while to carry out a series of experi- 
ments dealing with the effect produced by carbohydrate ingestion on 
persons suffering from hyperthyroidism. Coincident with these experi- 
ments we have made observations on the gaseous metabolism of these 
patients, with the idea of establishing, if possible, some relation between 
the increase in metabolism found in this condition and the effect pro- 
duced on the blood sugar level by the ingestion of carbohydrate. The 
blood sugar determinations were made by the method of Lewis and 
Benedict as modified by Myers and Bailey,* 2 to 4 c.c. of blood being 
used for each determination. Qualitative and quantitative determina- 
tions of sugar in urine were made by Benedict’s® methods. 


Method of Procedure—Between 7 and 8 a. m., the patient who had received 
no food since 5 o’clock on the previous afternoon was given 100 gm. of glucose 


* Submitted for publication July 27, 1917. 

*From the Chemical Laboratory and Medical Service of the Massachusetts 
General Hospital. 

1. Tachaw: Deutsch. Arch. f. klin. Med., 1911, 114, 445. 

2. Flesch: Beitr. z. klin. Chir. (Bruns’), 1912, p. 236. 

3. Geyelin: The Carbohydrate Metabolism in Hyperthyroidism as Deter- 
mined by Examination of Blood and Urine, Tae Arcuives Int. Mep., 1915, 
16, 975. 

4. Myers and Bailey: Jour. Biol. Chem., 1916, 24, 147. 

5. Benedict, S. R.: Jour. Biol. Chem., 1909, 5, 485, and 1911, 9, 57. 
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(in lemonade or “postum”), 50 gm. of bread, and 20 gm. of butter. Just 
previous to this meal a sample of urine was secured and 5 c.c. of blood were 
taken by venepuncture. Samples of blood and urine were then obtained at 
hourly intervals, from three to four samples of blood being taken from each 
patient. 

The method used for the determination of the basal metabolism was that 
described by Benedict.* All patients were fasting for approximately fourteen 
hours before the observation, and were at complete rest both during and for 
at least one-half hour before the test. Three periods of ten minutes each 
were run on each subject when possible, but in some cases the nervous insta- 
bility of the patients prevented our securing more than two satisfactory 
observations. 

The surface area of the subjects was estimated by the “height-weight for- 
mula” of Du Bois." For ease of interpretation, we have expressed the basal 
metabolism data in terms of percentage variation from the normal, the normal 
standards used being those given by Aub and Du Bois." 

Recent work points to the view that the increase in basal metabolism 
observed in cases of uncomplicated hyperthyroidism may be regarded as a 
functional test to indicate the degree of toxicity at the time of observation. 
The expression of the basal metabolism in terms of a percentage change from 
normal is therefore used in this paper on the assumption that it is to be 
interpreted as furnishing a numerical index of the severity of the case.° The 
patients used belonged to a series of cases of hyperthyroid now being investi- 
gated by Means and Aub” and, in accordance with the average results obtained 
by these investigators, we have considered mild cases to give an average value 
of +43 per cent., moderately severe cases +53 per cent. and severe cases 
+76 per cent. Any determination more than +15 per cent. should be con- 
sidered abnormal. We are aware of the fact that the clinical notes do not 
invariably check with the metabolism date, the reason for this discrepancy 
being the fact that the metabolism figures represent the condition of the patient 
at the time of observation, while the clinical diagnosis represents the general 
impression gained by observation of the patient over a period of some weeks. 

Before making any observations on patients we have administered our 
“test breakfast” to sixteen normal persons, seven women and nine men. The 
female subjects were, with one exception (Mrs. D. K., a surgical patient), 
nurses or laboratory workers. The male subjects were physicians or medical 
students. All were apparently in good health and free from any suspicion of 
hyperthyroidism. The results on this group of subjects are presented in Table 1. 


In these normal subjects the “fasting” blood sugar shows a mini- 
mum value of 0.090 per cent., a maximum of 0.12 per cent., and an 
average value of 0.10 per cent. An experience of more than a year 
with the analytic method employed (during which time several hundred 
samples of human blood were examined) leads us to suspect that the 
maximum value obtained, 0.12 per cent., is distinctly above the values 


6. Benedict, F. G.: Deutsch. Arch. f. klin. Med., 1912, 107, 156. 

7. Du Bois, D., and Du Bois, E. F.: A Formula to Estimate the Approximate 
Surface Area If Height and Weight Be Known, Tue Arcuives Int. Mep., 
1916, 17, Part 2, p. 863. 

8. Means, J. H., Aub, J. C., and Du Bois, E. F.: The Effect of Caffein on 
the Heat Production, Tae Arcaives Int. Mep., 1917, 19, 832. 

9. Du Bois, E. F.: Metabolism in Exophthalmic Goiter, Tae Arcuives Int. 
Mep., 1916, 17, 915. 

10. Means, J. H., and Aub, J. C.: Preliminary report in press, Jour. Am. 
Med. Assn. 
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ordinarily obtained in normal cases, the sugar values for which are, 
according to our experience, 0.085 to 0.110 per cent., a finding in close 
agreement with the normal figures for human blood reported by Lewis 
and Benedict and by Myers and Bailey. As, however, the subject 
whose blood gave this high value was, to the best of our knowledge, 
in good health, we do not feel justified in excluding him from the series. 


= 


TABLE 1.—Normat Svusjects 


Blood Sugar, per Cent. 


Age, Weight, 


Name Sex* Yrs. Kg. Fast- One Two | Four Remarks 
ing Hour Hours Hours 

Bd. 2 24 53 0.100 ovces 0.110 0.000 Trace of sugar present in 
urine passed 2 hours after 
breakfast 

Bl. ow 0.100 0.120 0.110 | No glycosuria 

Ds. 2 37 91 0.110 eves 0.110 0.086 | Trace of sugar present in 
urine passed 2 hours after 

| breakfast 

M. 22 53 0.000 0.086 0.088 | No glycosuria 

T. 24 71 0.090 0.090 0.100 No glycosuria 

L. i) 30 132 0.090 0.110 0.110 0.089 | Trace of sugar in urine 
passed 2 and 4 hours after 
breakfast 

DE. 31 0.110 0.140 0.110 0.110 | Trace of sugar in urine 
passed 4 hours after break- 

| fast 

Ab. 27 0.110 0.004 0.108 | No glycosuria 

Sn. 27 68 0.096 0.087 0.120 | No glycosuria 

Cc. 29 64 0.120 0.119 0.122 | No glycosuria 

Ts. ri 25 77 0.113 coves 0.085 0.110 | No glycosuria 

Sd 26 74 0.099 0.104 0.108 | No glycosuria 

o. 27 72 0.100 0.084 0.109 No glycosuria 

B. 26 70 0.110 0.100 0.007 | No glycosuria 

As. ¢d 26 67 0.100 0.100 0.100 | nce No glycosuria 

Ta. 25 73 


0.100 0.100 0000... glycosuria 


An inspection of Table 1 shows that in the case of most normal 
persons the ingestion of 100 gm. of glucose and 50 gm. of bread causes 
no increase in blood sugar two hours, or even one hour after breakfast. 
Two exceptions to this statement are to be noted: Miss Bd. and Miss L. 
both show an unmistakable increase which had not disappeared in two 
hours. Inquiry revealed the fact that both of these nurses were 
engaged in work of an exacting nature and were probably in need of 
a vacation. As will be noted, both showed a slight glycosuria. This 
interpretation is in line with the findings of Graham* who, in a series 
of experiments on himself, demonstrated ‘the fact that when in good 
condition the blood sugar regains its original level one to one and one- 


11. Graham, G.: Jour. Physiol., 1916, 50, 285. 
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half hours after ingestion of 100 gm. of glucose, whereas under con- 
ditions which cause fatigue, three to four hours elapse before the 
fasting blood sugar level is again reached. 

In Table 2 are presented the results obtained by taking single 
samples of blood from fasting patients suffering from various grades 
of hyperthyroidism. Of the thirteen cases in this series, only five 
patients showed blood sugar values above normal (on the assumption 
that any figure above 0.110 per cent. may be considered to indicate 
hyperglycemia). These patients were all outpatient cases, who before 
venipuncture had been subjected to several periods of observation on 


TABLE 2.—Anatyses or Bioop 1N HyperTHYROIDISM 


Basa) 
Metabo- 
Blood lism, 
Sugar, Pulse Weight, per Cent. 
per Kg. Varia- 
Cent. tions 
from 
Norma! 


+89 Woman, aged 29 years. Thyrotoxicosis; very 


to 
+67 Woman, aged 45 years. Severe case; very 
toxie 


+60 Man, aged 27 years. Very toxie after 6 
months of rest 

Woman, aged 29 years. Very toxic; metabo- 
lism observation not very satisfactory; 
very much excited by venesection 

Woman, 41 years old. Toxic; subsequent 
rapid recovery 

Woman, aged 23 years. Severe thyrotoxicosis 
of 1% years’ duration 

Woman, aged 87 years. Mildly toxic case 


Woman, aged 27 years. Mildly toxic case 
Woman, aged 18 years. Mild thyrotoxicosis 


Woman, aged 35 years. Mildly toxic. Recur- 
rence following operation 
Woman, aged 31 years. Mildly toxic; chronic 


type 

Woman, aged 20 years. Large thyroid; not 
toxic 

Woman, aged 43 years. Questionable case; 
probably not hyperthyroid 


the respiration apparatus. It is, therefore, conceivable that an emo- 
tional factor might be involved in the cases in which hyperglycemia 
was noted, and, in fact, the observation was made that in Case 77, the 
patient who gave the highest blood sugar value of the series, was much 
excited by the respiration observations and by the prospect of veni- 
puncture. Although this series of cases is small, it is obvious that these 
single blood sugar observations made on fasting patients, even when 
the emotional factor is disregarded, do not indicate the constant occur- 
rence of a fasting hyperglycemia in hyperthyroidism. 

In Table 3 are presented the results obtained in a series of experi- 
ments in which blood sugar was determined in seventeen hyperthyroid 


4 
Num- 
ber Remarks 
120 0.122 130 53.6 
58 0.114 96 65.5 
77 0.129 146 50.0 > 
0.080 108 55.0 
\ 89 0.102 102 64.0 ; 
71 0.083 113 68.0 
72 0.097 106 58.5 +30 
18 0.108 86 48.0 +14 
92 0.117 4 46.6 +12 
105 0.101 100 55.5 +9 ae 
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TABLE 3.—B Loop SucarR DETERMINATIONS IN HyPpertTHYROID 


= 


Blood Sugar, per Cent. | Urine Sugar, per Cent." 
No. ment Fasting 1 Hr. 2Hrs. | 3Hrs. 4 Hrs. | Fasting 2 Hrs. 4 Hrs. 6 Hrs 
121 12/18 0.114 0.154 0.091 0 + + 0 
121 75 0.080 0.126 0.115 0 +? +? +? 
lll 11/25 0.100 0.198 0.140 0 24 0 0 
125 12/21 0.107 ecoee 0.133 eocee 0.005 0 + +? +? 
125 1/4 0.100 0.184 eunee 0.158 0 + + 
125 2/14 0.106 0.194 0.137 0.120 weeds 0 +? 0 
161 3/21 abs 0.096 +2 0.8 0.4 02 
137 2/7 0.125 0.105 0.190 eoces 0.110 0 a + + 
137 3/16 0.112 0.158 0.112 eecee 0.089 0 +? +? 
10/ 5 0.114 0.125 0 +++ 
9 0.133 0.171 0.130 0 0 0 0 
83 11/27 0.104 0.124 0.005 04 0.3 0 
88 11/20 0.101 0.117 0.087 0 0 0 
88 10/18 0.084 0.152 41 0.8 04 
12/12 0.117 0.091 3.1 + 
106 11/15 0.100 eevee 0.140 owtins 0.116 13 1.5 ov 
106 12/10 | | | 2 + 
129 1/15 0.099 0.181 0.184 0.54 0.3 


126 1/ 6 0.091 0.200 0.108 ceese 0.083 
126 2/13 0.127 0.165 0.148 cores 0.001 


131 0.091 0.090 | 


135 5 0075 0.000 | 
98 1/15 0.080 0.188 0.133 Po 0.124 | 


= 

~ 

= 

= 

te 

+ 


| 
j 
+? 
0.3 
+? 
0 0 
era 143 2/14 0.095 0.160 0 
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_PATIENTS AFTER INGESTING GLUCOSE AND BreEAD 


Basal Metabolisin 
Pulse Weight, per Cent. Varia- Remarks 
Kg. tion from Normal 


131 57.0 Dec. 16 +109 Woman, aged 21 years. Very toxic; not excited 


116 55.5 +84 After complete rest for one month; not excited 


Woman, aged 55 years. Very toxic 


Women, aged 27 years. Very toxic 


Somewhat improved 


96 52.7 +36 Ligated January 19; lobectomy January 20; somewhat improved 


Woman, aged 26 years. Toxic 


Man, aged 35 years. Very toxic. 


Lobectomy March 5. Much improved 


Man, aged 22 years. Very toxic 


Man, aged 22 years. Very toxic 


Partial thyroidectomy October 16 


Very much improved 


Woman, aged 22 years. Very toxic 


Vessels ligated November 2; partial thyroidectomy November 17 


Woman, aged 41 years. 


Intrathoracic goiter; mildly toxic 


Partial thyroidectomy November 24; very much improved 


Man, aged 39 years. Fairly severe case 


Mild case 


Woman, aged 34 years. 


Lobectomy January 23; much improved 
Mildly toxic 


Woman, aged 22 years. 


Condition improved by complete rest in bed 


Woman. aged 33 years. Mild case 


Woman, aged 41 years. Under treatment by prolonged rest 

and Roentgen ray 

122 53.2 +89 Woman, aged 39 years. Mild case; somewhat excited by veni- 
puncture 

Improved under treatment by rest In bed; not excited 


125 53.5 +38 Woman, aged 38 years. Mild thyrotoxicosis; after treatment 
by complete rest 

06 56.8 +34 Woman, aged 39 years. Mild thyrotoxicosis; much excited by 
venipuncture 


Not excited by venipuncture 


Woman, aged 35 years. Toxic 


104 54.1 +27 Woman, aged 36 years. Mild case after treatment by pro- 
longed rest 


* The symbol + is used to indicate a positive sugar test in cases in which the amount of sugar 
present was too small to be determined quantitatively (less than 0.2 per cent.). The symbol +? was 
used to indicate the fact that with Benedict’s reagent we obtained only the greenish color which undoubt- 
edly indicated the presence of small amounts of reducing sugar, but which is, as a rule, disregarded in most 
clinical laboratories. 


| 
¢ 
+ 
7 
129 33.9 +83 
138 58.0 Dec. 18 +91, 
Dec. 26 +61 
208 58.0 Jan. 11 +66. 
Jan.19 
126 46.4 Mar.29 +84 
112 58.0 +71 
i 
127 49.9 +56 
96 52.0 +36 
141 54.7 +54 # 
127 51.1 +29 
i12 37.5 +50 ‘ 
82 38.0 +7 
145 47.7 +49 
122 49.3 +47 
114 46.6 +45 
100 46.8 Dee.15 +25 : 
108 54.7 Dec. 18 +42, 
Dec. 3 +35 
81 54.0 Feb. 17 +37, 
Feb. 25 1 
a 
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patients before, and at intervals of one, two and four hours after the 
ingestion of 100 gm. of glucose and 50 gm. of bread. 

In a number of these cases we have been able to repeat the test 
during the course of treatment (by rest) or after operation. 

An inspection of the results given in Table 3 confirms the impres- 
sion created by the experiments of Table 2, which have already been 
discussed ; that is, that fasting hyperglycemia is of rare occurrence in 
hyperthyroidism. Alimentary hyperglycemia lasting in some cases for 
four hours after the ingestion of carbohydrate is, however, mvariably 
present. 


SuGarR 


% 


Normaus 


.10 
Fasting PC 4° P.C. 


The average blood sugar curves of hyperthyroid cases and normals after 
the ingestion of 100 gm. glucose and 60 gm. bread. 


" The average curves for blood sugar after the ingestion of our test 

-. breakfast by the normal subjects and by the hyperthyroid cases have 
ar been plotted on the chart and show strikingly the difference in behavior 
of the two classes of subjects. 

Clinically, it has been observed that thyroid administration fre- 
quently causes the subject to show an alimentary glycosuria. The 
experiments of Cramer and Krause,’* in which it was shown that the 
administration of thyroid to rats and cats caused almost complete 
disappearance of glycogen from the liver, would seem to explain the 
frequent occurrence of glycosuria in hyperthyroidism as due to a lack 


12. Cramer, W., and Kranse, R. A.: Proc. Roy. Soc., London, 1913, 86, 550. 
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of ability on the part of the patient to store ingested carbohydrate. 
On this assumption, if in addition we assume that the increase in basal 
metabolism gives a measure of the excess of thyroid secretion, it would 
follow that in cases in which the basal metabolism is high, alimentary 
hyperglycemia and glycosuria should also be more readily induced and 
of a more severe type. Our results do not, however, confirm this 
hypothesis. 

The cases are arranged in order of severity as measured by the 
percentage variation from normal of the basal metabolism, and it is 
at once apparent that it is impossible in this series of cases to trace 
any relation between the severity of the symptoms and the degree of 
alimentary hyperglycemia. There is also no apparent relation between 
the severity of intoxication and the degree of glycosuria. In a number 
of cases it was possible to repeat the experiment after the patient’s 
condition had been improved by rest or by operation, and, as will be 
noted, in practically all these cases the alimentary hyperglycemia pro- 
duced by our test meal is less severe in this second test than that 
obtained in our first observation. In the discussion of our results it is 
in.possible to overlook the possibility of the existence of “emotional” 
hyperglycemia and glycosuria. Hyperthyroid patients are notorious 
examples of nervous instability, and it is conceivable that in some of 
our experiments the emotional factor was involved. We have observed, 
however, that while the last venipuncture invariably caused the great- 
est annoyance, the average values for the fasting blood sugar and for 
the determination made four hours after breakfast are usually almost 
identical. Thus, Patient 88 was much excited by the second experi- 
ment and comparatively calm during the first, yet the blood sugar value 
is lower on the former test than on the latter. Similarly, Patient 110 
was much excited by the first series of venipunctures, but quite placid 
during the second test; the sugar curve is, however, similar in both 
observations. 

A few observations are to be found in the literature which indicate 
that in hypothyroid cases the fasting blood sugar figures are consider- 
ably below normal, but may be increased by the administration of 
thyroid. While the foregoing work has been in progress, two cases of 
hypothyroidism have come under observation, and in view of the small 
number of observations so far published on this subject it has seemed 
worth while to present our results. 

Case 1—A woman, aged 24, weight 53 kg., had myxedema, together with 
heart block. 

First observation, Nov. 6, 1916: At this time the patient had been taking 
26 to 28 grains of thyroid extract per day for a period of five weeks. Blood 


sugar (fasting) was 0.086 per cent.; basal metabolism, per cent. of normal, + 47. 
Second observation, Nov. 20, 1916: All thyroid indications stopped four 
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days before. Blood sugar (fasting) was 0.090 per cent.; basal metabolism, 
per cent. of normal, + 28. 
Case 2A woman aged 20, weight 39.5 kg., with symptoms of cretinism. 
First observation, Feb. 15, 1917: There was no thyroid medication. Blood 
sugar (fasting) was 0.11 per cent.; blood sugar two hours after 100 gm. 
glucose, 0.10 per cent.; basal metabolism, per cent. variation from normal, — 17. 

Second observation, March 13, 1917: After 4 grains of thyroid per day for 
twenty days, then 1 grain per day for seven days, the blood sugar (fasting) 
was 0.10 per cent.; blood sugar one hour after 100 gm. glucose, 0.11 per cent. ; 
blood sugar, two hours after 100 gm. glucose, 0.11 per cent.; basal metabolism, 
per cent. variation from normal, + 5. 

The above results fail to show any marked effect produced on blood 
sugar by the administration of thyroid, but in view of the small number 
of cases it seems scarcely justifiable to draw conclusions from these 
experiments. 

SUMMARY 


Fasting hyperglycemia is of extremely rare occurrence in hyper- 
thyroidism. Alimentary hyperglycemia (following the administration 
of 100 gm. of glucose and 50 gm. of bread) was, however, observed 
in every case examined. 

No relation could be found between the degree of hyperglycemia 
and the intensity of glycosuria; neither was it possible to obtain any 
evidence of a relation between the severity of intoxication (as me2- 
sured by the percentage increase over normal of the basal metabolism) 
and the occurrence of hyperglycemia. In a number of cases it was 
found, however, that after improvement of the patient’s condition by 
rest or by operation the alimentary hyperglycemia was of a much lower 
grade than that induced by the same test meal given before treatment. 

In two cases of hypothyroidism no change in the fasting blood sugar 
level was observed to result from the administration of thyroid extract. 


— 

7 

a 
> 
| 

iad 


1917 


(BER, 


INDEX TO VOLUME XX 


PAGE 


Abramson, H. L.: A study of poliomyelitis. Report of the work of the 


meningitis division of the research laboratory in the 1916 epidemic. ..... 341 
Acidosis, studies on; the immediate cause of death, and remarks on she 
acidosis of nephritis; James L. Whitney..................ccccccceceess 931 


Alexander, H. L.: Asthma complicating serum treatment of pneumonia... 636 
Amyotonia congenita of Oppenheim. Report of six cases, with full review 


Anemia, influence of splenectomy on metabolism in; W. Denis............ 79 
Anemia, severe, with elongated and sickle-shaped red blood corpuscles, 

study of erythrocytes in case of; V. E. Emmel........................ 5 
Arthritis, acute, a report on forty cases of, treated by the intravenous injec- 

Asthma complicating serum treatment of pneumonia; H. L. Alexander.... 636 
Auricular flutter. A consideration of some problems arising in the study of 


a case and of the literature. D. Heard and A. E. Strauss.............. 409 


Barker, B. I.: Clinical studies on the respiration. V. The basal metabolism 
and the minute-volume of the respiration of patients with cardiac disease. 468 
Barringer, Theodore B., Jr.: Studies of the heart’s functional capacity...... 829 
Basal metabolism and the minute-volume of the respiration of patients with 
cardiac disease. Clinical studies on the respiration; F. W. Peabody, 


Beriberi, blood in, studies of; I. Yoshikawa, K. Yano and T. Nemoto...... 103 _ 
Blood coagulation. I. Studies in protein intoxication; H. F. Shattuck...... 167 
Blood, human, remarks on cholesterol content of ; F. D. Gorham and V. C. 
Blood picture, a case of cantharides poisoning with special reference to the; 
Blood sugar in hyperthyroidism; W. Denis and J. C. Aub, with the assis- id 
Blood sugar, studies on; Louis Hamman and I. I. Hirschman.............. 761 


Bookman, A.: A study of renal function in patients convalescing from acute 
Book Reviews : 
A monograph on the epidemic of poliomyelitis (infantile paralysis) in 


Pathogenic micro-organisms; William Hallock Park and Anna Wessels 
Williams, assisted by Charles Krumweide, Jr....................000005 828 


The diagnosis and treatment of myocardial function, with special refer- 
ence to the use of graphic methods. L. S. Hart....................... 


Bredeck, J. F.: Ventricular fibrillation in man with cardiac recovery...... 725 
Burge, W. E.: The effect of pancreatectomy on the catalase content of the 


Burrows, H. T.: The study of a small outbreak of poliomyelitis in an apart- 
ment house, occurring in the course of an epidemic in a large city.... 56 


Campbell, Walter R.: Observations on acute mercuric chlorid nephrosis, 
Cantharides poisoning with special reference to the blood picture; Samuel 


M 
7 : 
112 
480 
io 


INDEX TO VOLUME XX 


ARCH. 


PAGE 


Cantharides, tincture of, polycythemia induced by; preliminary report; 
Samuel T. Lipsitz, A. L. Fuerth and A. J. Cross 

Cardiac disease, basal metabolism and the minute-volume of the respira- 
tion of patients with. Clinical studies on the respiration, V; F. W. 
Peabody, J. A. Wentworth and B. I. Barker 

Cardiac pacemaker, temperature method in localization of ; B. H. Schlomovitz 
and C. S. Chase 

Catalase content of tissues, the effect of pancreatectomy on the; J. esmedy 
and W. E. Burge 

Cecil, Russell L.: A report on forty cases of acute arthritis treated by the 
intravenous injection of foreign protein 

Chase, C. S.: Temperature method in localization of cardiac pacemaker 

Cholesterol content of human blood, remarks on; F. D. Gorham and V. C. 
Myers 

Christie, C. D.: Study of a case of diabetes insipidus with special reference 
to the mechanism of the diuresis and of the action of the pituitary 
extract on it 

Crohn, B. B.: Studies in the variations of the tonus of the gastric muscula- 
ture in health and disease 

Cross, A. J.: A case of cantharides poisoning with special reference to the 
blood picture 

Cross, A. J.: Polycythemia induced by tincture of cantharides 

Crowder, Joseph R.: Five generations of angioneurotic edema 

Crowder, Thomas R.: Five generations of angioneurotic edema 


Denis, W.: Blood sugar in hyperthyroidism 

Denis, W.: Influence of splenectomy on metabolism in anemia 

Denis, W.: The nonprotein constituents of edema fluids 

Diabetes insipidus, study of case of, with special reference to the mechan- 
ism of the diuresis and of the action of pituitary extract on it; C. D. 
Christie and G. N. Stewart 

Diabetes mellitus, observations on kidney function in; R. Fitz 

Diabetics, study of the influence of low diets, or the Allen method of treat- 
ment, on the physical vigor of. Effect of undernutrition on muscular 
force; J. R. Williams 

Diagnostic signs from the scaleni, intercostal muscles and diaphragm in lung 
ventilation ; C. F. Hoover 

Dyspituitarism, multiple hemangiomas of the skin associated with; G. D. 


Dyspnea, a mechanical factor in the production of, in patients with cardiac 
disease. Clinical studies on the respiration. III; F. W. Peabody 

Dyspnea, the vital capacity of the lungs and its relation to. IV. Clinical 
studies on the respiration; F. W. Peabody and J. A. Wentworth 


Edema, angioneurotic, five generations; Joseph R. Crowder and Thomas R. 


Edema fluids, the nonprotein constituents of ; W. Denis, with the assistance 
of A. S. Minot 

Electrocardiogram, an error in, arising in the application of the electrodes; 
H. E. B. Pardee 

Electrocardiogram ; its relation to cardiodynamic events; C. J. Wiggers.... 

Emetin diarrhea—clinical and experimental; A. R. Kilgore and J. H. Lieu.. 

Emmel, V. E.: Study of erythrocytes in the case of severe anemia with 
elongated and sickle-shaped red blood corpuscles 

Erythrocytes in case of severe anemia with elongated and sickle-shaped red 
blood corpuscles, study of; V. E. Emmel 


INT 


913 
a3 
892 
4 613 | 
599 
10 
145 
889 
4 913 
4 840 
840 
4 79 
879 
10 
809 
399 
701 
4 H 24 
433 
443 
879 
161 
93 
178 
4 
586 
586 
ia 


‘(BER 


1917 


INDEX TO VOLUME XX 
PAGE 
Ferment-antiferment balance and its relation to therapeusis; W. F. Petersen. 515 
Fishberg, Maurice; Localized and interlobar pneumothorax complicating 
Fitz, R.: Observations on kidney function in diabetes mellitus 
Fuerth, A, L.: Polycythemia induced by tincture of cantharides; preliminary 


Garrison, P. E.: Relation of pellagra to location of domicile in Spartan Mills, 
S. C., and the adjacent district 
Garrison, P. E.: Relation of pellagra to location of domicile in Inman Mills, 


Gastric musculature in health and disease, studies in variations of the tonus 
of; B. B. Crohn and A. O. Wilensky 

Gekler, W. A.: Phthisis pulmonalis and other forms of intrathoracic 
tuberculosis 

Gorham, F. D.: Remarks on cholesterol content of human blood 

Gout, renal function in; C. W. McClure 

Gout, study of uric acid in; C. W. McClure and J. H. Pratt 


Hamman, Louis: Studies on blood sugar 

Hanzlik, P. J.: The salicylates. VIII. Salicyl edema 

Hart, L. S.: The diagnosis and treatment of myocardial function, with special 
reference to the use of graphic methods.............cccccsscccecceees 480 

Head, G. D.: Multiple hemangiomas of the skin associated with dys- 
pituitarism 

Heard, J. D.: Auricular flutter. A consideration of some problems arising 
in the study of a case, and of the literature 

Heart block associated with high blood pressure; J. H. Musser, Jr 

Heart’s functional capacity, studies of the; Theodore B. Barringer, Jr 

Hemangiomas, multiple, of the skin associated with dyspituitarism; G. D. 


Hemochromatosis, iron metabolism of ; C. P. Howard and F. A. Stevens.... 896 

Hewlett, A. W.: The pulse flow in the brachial artery. V. The influence 
of certain drugs 

Hirschman, I. I.: Studies on blood sugar 

Honeij, J. A.: Pyopneumothorax and pneumothorax. Report of two cases 
with interesting clinical and roentgenologic findings 

Hoover, C. F.: Diagnostic signs from the scaleni, intercostal muscles and the 
diaphragm in lung ventilation 

Howard, C. P.: The iron metabolism of hemochromatosis................. 896 

Hydronephrosis, experimental; N. M. Keith and D. S. Pulford, Jr 

Hyperthyroidism, blood sugar in; W. Denis and J. C. Aub, with the assis- 
tance of A. S. Minot 


Iron metabolism of hemochromatosis; C. P. Howard and F. A. Stevens.... 896 


Keith, N. M.: Experimental hydronephrosis 

Kennedy, J.: The effect of pancreatectomy on the catalase content of the 
tissues 

Kidney function in diabetes mellitus, observations on; R. Fitz 

Kilgore, A. R.: Emetin diarrhea—clinical and experimental 

Kitagawa, J.: The etiologic agent of rat bite disease, preliminary report.... 


Leukemic and normal blood, studies on the oxidase reaction of the cells in; 
N. Rosenthal 

Lipsitz, Samuel T.: Polycythemia induced by tincture of cantharides; pre- 
liminary report 


nad 
Mzy 
‘ 
198 hg 
. 21 
145 
32 
599 
641 
481 
| 
kes 
24 
Be 
\ 
809 
317 
184 ie 
913 
. 


INDEX TO VOLUME XX 


Lieu, J. H.: Emetin diarrhea—clinical and experimental 
Lung ventilation, diagnostic signs from the scaleni, intercostal muscles and 
the diaphragm in; C. F. Hoover 


MacNeal, W. J.: Relation of pellagra to location of domicile in Spartan 
Mills, S. C., and the adjacent district 

MacNeal, W. J.: Relation of pellagra to location of domicile in Inman Mills, 
Inman, S. 

McClure, C. W.: Renal function in gout 

McClure, C. W.: Study of uric acid in gout 

Mehrtens, H. G.: Absorption of phenolsulphonephthalein from subarachnoid 
space in diseases of central nervous system 

Mercuric chlorid nephrosis, acute, observations on, with a report of two 
cases; Walter R. Campbell, Toronto, Canada 

Minot, A. S.: Blood sugar in hyperthyroidism 

Minot, A. S.: The nonprotein constituents of edema fluids............. 

Mukoyama, T.: The etiologic agent of rat bite disease 317 

Musser, J. H., Jr.: Heart block associated with high blood pressure - , 

Myers, V. C.: Remarks on cholesterol content of human blood 599 

Myocardial function, diagnosis and treatment of, with special reference to 
the use of graphic methods. Book review; L. S. Hart 


Neal, J. B.: A study of poliomyelitis. Report of the work of the meningitis 
division of the research laboratory in the 1916 epidemic 

Nemoto, T.: Studies of the blood in beriberi 

Nephritis, acidosis of, the immediate cause of death, and remarks on; 
studies on acidosis; James L. Whitney 

Nephrosis, acute mercuric chlorid, observations on, with a report of two 
cases; Walter R. Campbell 

Nonprotein constituents of edema fluids; W. Denis, with the assistance of 


A. S. Minot 


Oxidase reaction of the cells in normal and leukemic blood, studies on; 


N. Rosenthal 


Pancreatectomy on the catalase content of the tissues, effect of ; J. Kennedy 
and W. E. Burge 

Pardee, H. E. B.: An error in the electrocardiogram arising in the applica- 
tion of the electrodes 

Park, E. A.: The study of a small outbreak of poliomyelitis in an apart- 
ment house, occurring in the course of an epidemic in a large city 

Park, William Hallock: Pathogenic micro-organisms; book review 

Pathogenic micro-organisms; book review; William Hallock Park and 
Anna Wessels Williams, assisted by Charles Krumweide, Jr 

Peabody, F. W.: Clinical studies on the respiration. III. A mechanical 
factor in the production of dyspnea in patients with cardiac disease.... 433 

Peabody, F. W.: Clinical studies on the respiration. IV. The vital capacity 
of the lungs and its relation to dyspnea 

Pellagra, relation of, to location of domicile in Spartan Mills, S. C., and 
the adjacent district; J. F. Siler, P. E. Garrison and W. J. MacNeal.... 198 

Pellagra, relation of, to location of domicile in Inman Mills, Inman, S. C.; 
J. F. Siler, P. E. Garrison and W. J. MacNeal 

Petersen, W. F.: Ferment-antiferment balance and its relation to 
therapeusis 

Petersen, William F.; Serum changes following protein “shock” therapy... . 

Phthisis pulmonalis and other forms of intrathoracic tuberculosis; W. A. 


ARCH. IN? yy 
PAGE 
178 

701 

4 

103 

: 931 

919 

4 
i 


(BER, 1917 INDEX TO VOLUME XX 


PAGE 

Phenolsulphonephthalein, absorption of from subarachnoid space in diseases 
of central nervous system; H. G. Mehrtens and H. F. West............ 575 

Pituitary extract, action of, and mechanism of diuresis, in diabetes insipidus ; 
C. D. Christie and G. N. Stewart 10 

636 

Pneumothorax, localized and interlobar, complicating pulmonary tuberculo- 
sis; Maurice Fishberg 

Poliomyelitis, a monograph on the epidemic of, in New York City in 1916; 
book review 

Poliomyelitis, study of. Report of the work of the meningitis division of 
the research laboratory in the 1916 epidemic; J. B. Neal, L. Abramson 
and associates 

Poliomyelitis, study of a small outbreak of, in an apartment house, occurring 
in the course of an epidemic in a large city; M. T. Burrows and E. A. 
Park 

Polycythemia induced by tincture of cantharides; preliminary report; 
Samuel T. Lipsitz, A. L. Fuerth and A. J. Cross 

Pratt, J. H.: Study of uric acid in gout 

Protein, foreign, a report on forty cases of acute arthritis treated by the 
intravenous injection of; Russell L. Cecil 

Protein intoxication, studies in. I. Blood coagulation; William F. Petersen. 

Protein “shock” therapy, serum changes following; William F. Petersen 

Pulford, D. S., Jr.: Experimental hydronephrosis 

Pulse flow in the brachial artery. V. Influence of certain drugs; A. W. 
Hewlett 

Pyopneumothorax and pneumothorax. Report of two cases with interest- 
ing clinical and roentgenographic findings; J. A. Honeij 


Rat bite disease, etiologic agent of; preliminary report; J. Kitagawa and 
T. Mukoyama 

Renal function in patients convalescing from acute fevers, study of; A. 
Bookman 

Renal function in gout; C. W. McClure 

Respiration, clinical studies on. III. A mechanical factor in the production 
of dyspnea in patients with cardiac disease; F. W. Peabody 

Respiration, clinical studies on. IV. The vital capacity of the lungs and 
its relation to dyspnea; F. W. Peabody and J. A. Wentworth 

Respiration, clinical studies on. V The basal metabolism and the minute- 
volume of the respiration of patients with cardiac disease; F. W. 
Peabody, J. A. Wentworth and B. I. Barker 

Reuben, Mark S.: Amyotonia congenita of Opperheim. Report of six cases, 
with a full review of the literature 

Reycraft, J. L.: The salicylates. VIII. Salicyl edema 

Robinson, G. Canby: Ventricular fibrillation in man with cardiac recovery. 

Rosenthal, N.: Studies on the oxidase reaction of the cells in normal and 
leukemic blood 


Salicyl edema, the salicylates. VIII; P. J. Hanzlik, R. W. Scott and J. L. 
Reycraft 

Salicylates, the. VIII. Salicyl edema; P. J. Hanzlik, R. W. Scott and J. L. 
Reycraft 

Schick test; further studies with; A. Zingher 

Schlomovitz, B. H.: Temperature method in localization of cardiac 
pacemaker 

Scott, R. W.: The salicylates. VIII. Salicyl edema 

Serum changes following protein “shock” therapy; William F. Petersen... 

Shattuck, H. F.: Studies in protein intoxication. I. Blood coagulation.... 


317 
112 ’ 
64) 
433 | 
443 
329 = 
725 
184 
329 Fs, 
329 
392 
613 
329 
716 


INDEX TO VOLUME XX ARCH. INT 


PAGE 
Siler, J. F.: Relation of pellagra to location of domicile in Spartan Mills, 
Siler, J. F.: Relation of pellagra to location of domicile in Inman Mills, 
Splenectomy, influence of, on metabolism in anemia; W. Denis............. 79 
Stevens, F. A.: The iron metabolism of hemochromatosis................. 896 
Stewart, G. N.: Study of a case of diabetes insipidus with special .reference 
to the mechanism of the diuresis and of the action of pituitary extract 
Strauss, A. E.: Auricular flutter. A consideration of some problems arising 
in the study of a case, and of the 
Subarachnoid space, absorption of phenolsulphonephthalein from, in diseases 
of central nervous system; H. G. Mehrtens and H. F. West............ 575 
Temperature method in localization of cardiac pacemaker; B. H. 
Tuberculosis, pulmonary, localized and interlobar pneumothorax compli- 
Undernutrition, effect of, on muscular force. Study of influence of low 
diets, or the Allen method of treatment, on the physical vigor of dia- 
Uric acid in gout, study of ; C. W. McClure and J. H. Pratt................ 481 
Ventricular fibrillation in man with cardiac recovery ; G. Canby Robinson and 


Wentworth, J. A.: Clinical studies on the respiration. IV. The vital 
capacity of the lungs and its relation to dyspnea.................+505: 
Wentworth, J. A.: Clinical studies on respiration. V. The basal metabolism 
and the minute-volume of the respiration of patients with cardiac disease 468 
West, H. F.: Absorption of phenolsulphonephthalein from subarachnoid 


space in diseases of central nervous system..................eeeeeeeees 575 
Whitney, James L.: The immediate cause of death, and remarks on the 
acidosis of nephritis; studies on acidosis................20cceeeeeeeees 931 
Wiggers, C. J.: The electrocardiogram; its relation to cardiodynamic 
Wilensky, A. O.: Studies in the variations of the tonus of the gastric mus- 
Williams, Anna Wessels: Pathogenic micro-organisms; book review....... 828 
Williams, J. R.: Effect of undernutrition on muscular force. A study of the 
influence of low diets, or the Allen method of treatment, on the 
Yano, K.: Studies of the blood in beriberi......................-.... 103 
Yoshikawa, I.: Studies of the biood in beriberi...................... 103 
392 


Zinger, A.: Further studies with the Schick test................. 


4 
: 
a 
7 


CONTENTS OF VOLUME XX 


Mg SEPTEMBER—Continued 
PAGE 


Cuntcan Srupis ow tHe Respmarion. A Mecmanrcat Facror in 
THE Propuction or Patients wira Carpiac Drsease. 
Francis W. Psapopy, M.D., Boston... 

CumicaL Strupfes on tHe . Tue. Vrrar CaPactry OF THE 
Lune; AND Its RELatIon to Francis W. Peasopy, M.D. 
Jonn A, Wentw ete, M.D., Boston 

Curntcan Stupres on tase Respmation. VY. Tue Metanorism AND 
THE or Tax Resrination or Patients CarprAc 
Disease. Francis W. M.D.. Joun A: Wentworrs, M_D., 
anp Berroa I. Barxer, Boston. . 

Boox Revirws: 

A on tas Epmemic or Potromyenitis (Inrantice PsRat- 
ysis) in New Yorr Crry tw 1916 

THe Dragwosts Anp TREATMENT or Myocarpian. Fonction, witH 
Spectra, Rererence To toe Use or Grarnic Mernons, By L. Stuart 


OCTOBER, 1917. NUMBER 4 


A Srupy or Uric Acw ne Gour, C W. McCrurz, M.D. ann J. H, 

BALANCE AND ITS ReLation to 

Perersen, M.D., Cuicaco 515 
or to Location or Domicus m Inman 
Inmaw, S.C. J. F. Suen, M.D. P. E. Garetsow, M.D., ann W. J. 
MacNeat, M.D., New ~ 521 

Tue ABSORPTION oF PHENOLSULPHONEPHTHALEIN FROM THE SURARACHNOID 
Space tn Drseases or tae Nervous System. H. G. Menerens, 
M.D., H. F. West, M.D., San Frawncisco.. 

A Srupy OF tue Eryrseocyres A Case or Severnr ANEMIA WITH 
ELonGATED AND Rep Bucop Corpuscizgs. V. E. Emmet, 
Pa.D, Cricaco 

REMARKS on THE CHOLESTEROL CONTENT OF Human Biocon. F. D. GorHax, 
M.D. Sr. Lovts, anp V. C. Myres, Pu.D., New 

Tue tae LocatizaAtion orp a Carniac Pace- 
mAkER, B. H. Scuuomoverz, M’S,, Cuicaco, C. S. Cuase, M.D., 
lowa Crry, Iowa 613 

PYorpnNEUMOTHORAX AND Pyreomorg ona x. A Ravoxr OF Two CASES WiTtH 
DIererestine Curnica, ann Finptnes. J. A. 
M.D. New Haven, Conn.. 

AstemMA Compnicarinc tHe Sertm TREATMENT OF 

Avexanper, M.D.. Boston...... 


NOVEMBER, 1917. NUMBER 5 


Tue Renat Forcrion iv Goor, Ci W. McCrure, M.D. Boston.......... 641 

AmyoromzA or Orrenneiw. A Rerort or Six Cases, witH A 
Review or tHe Lireeatumk, Marx S. M.D. New Yorx 657 

Dracwostic SIGNS Tite ScALENT, InTERcostaL Muscies tHe Dta- 
PHaAGM In LuNG Hoover, M.D., Crevetann.... 701 

Serum CHancts Fotirowrnc Proremxn “Smock” Tuerapy. 
Prrersen, M.D,, Cuicaco..... 716 

VENTRICULAR Fierm.ation InN MAN WITH ‘Carprac Recovery. G, Cansy 
Repinson, ano J. Fo M.D., St. Lovrs....... 725 

Locanizep aND Pxeumornorax Compricatinac Pu LMONARY 
Tumencttosts, Maveice Fisnzerc, M.D.. New 

-upres on Buoop Sucas, Lowrs HAmman, M.D, I. L Hiscuman, 

on K Funcrion IN Draseres Mexarus. R. Frrz, M.D, 
New York,. 

Boox Review: Micro-Orcanis us. Witram Park, 
M.D. ann Anna Wessets Wuriams, M.D. Assistep sy Cartes 
Kaumweme, Je, ! 


433 
468 
479 
PAGE 
& 
PAGE 


CONTENTS ais 


PAGE 
Srvuptes or THE Capractry. B. 
Generations or Ancrongurotic Enema. Josern R. MD. 
SUitivan, Caowner, M.D. 840 
anp Anatomic CaANGES Ix 
Kinney Partian Urererat N. M. Keren 


M.D., ano D. S. MOD, hy 
Tae Nowrkote:s Constrrvents or Fiviws. W. Denis, witx 
Tue or A. S. ALB., Boston... 879 


A Case or Canruarives Powontne wits Sreciac Rererence ro THe 
Picture, MLD, any A. J. Cross, M.D. St. Louis 889 


Errect or |’) Catacass Content or tHe Tis- 

suns, J. Kewnevy, Aid: ann W. E. A.M. 


Rerosr. Samus. T. MOD. L. M.D., anp A, J. 

OBSERVATIONS oN Mercumc Warn A 

Two Cases. Water R, MA. M.D. Toxonto, Canana.. 919 
on Acino: Tue Cause or eats, ann Remarks on 

Tae Actbosis oy James L. Waeirney, M.D. Saw FPramcisco 931 

Rerost Forty Casss or Acute Treated py Toe 

wewous Injyecrion or Fommicn Russe Ceen, 


Suesr ov Hy W, Dents, Pu.D., awp J, C. Ava, M.D. 
Assistance or ALS. Miter, A.B., 4 S64 


Tue or INTERNAL MEDICINE is issued monthly. Two volumes are 
published annually ; 

Manuscripts offcred for publication and other correspondence relating to the 
editorial management of Tae Ageniveg should be sent to Dr. Joseph L. Miller. 
122 South Michigan Soukkward, Chicagn) Communications regarding ‘subscrip- 
reprints, etc., <leuld be addressed to Tex Aacuives or 
American Medica! Association, 535 North Dearborn Street, Chicago. 

Footnotes ai ‘bibliog label should conform to the style of the Index 
Medicus or to that of the Index-Catalogue of the Surgeon General’s Library. 
ie i specialiy requested that, the titles of articles and the exact date of issues, 


year, volume and page, be given im eagh case. Contributers are requested not 


furnish bibliographies whith are unmiecessacy, or mere clerical compz:'ations. 
Om receipt of 10 cents the Anmiefican Medical Association will s¢nd a patmphilet 


“Suggestions to Medagak Authors,” containing suggestions to authors 


on preparation maniseripts, ruleg.for footnotes and bibliographies and 
dist Of several hundred medical pefiodicals of the world, with approved 


‘abbreviations of 


Authors will receive one hundred yeprints free; additional copies may be 
at cost. 

The domestic ».>scription prige pér year of two volumes is $4.00; Canadian 
wate $4.25; forcien rate $440 (18 shillings, 18 mar«s, 22 vianes}; including 


ostege. Single co; Me postpaid. 


Make checks, «i: payable'to the AMERICAN MEDICAL ASSOCIATION. 


4 
| 
; 
A 
4 
| 
‘ 
| 
j 
P 
| 
| 
4 
| 
4 
| 
ad 
= 
| 
2 
| 
2 
: 


